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SOIL SCIENCE IN THE NETHERLANDS 

After the meetings of the Fourth International Congress of Soil Science at 
Amsterdam during the summer of 1950, visiting scientists were taken on several 
excursions to study intensity of land use in the Netherlands and problems re- 
lated thereto. The high population density of that country has required reclama- 
tion of land from sea and lake, and the Dutch have pioneered in such enterprises. 

With increasing growth in world population, ever-greater emphasis must 
necessarily be put on food production. Other countries are interested in learning 
as much as possible about Dutch methods. Accordingly, it was decided to ask 
the Dutch soil scientists to prepare material for a special issue of soil science 
to be devoted exclusively to their techniques and findings. 

At our request, a special committee, consisting of P. Bruin, C. H. Edehnan, 
and A. J. Zuur, was appointed to arrange for preparation of the necessary papers. 
The greater part of this work was done by W. H. van der Molen and W. van der 
Zweep, under the direction of the committee. We are very much indebted to all 
these men for their cordial acceptance of this assignment and for the excellent 
set of papers contained in this issue of the Journal. 

Firman E. Bear 

r AGRICULTURE 

W. 0. VISSER 

Cultuurtechnische Dienstf^ Utrecht 

Any survey of Dutch husbandry would be impossible without considering the 
relationship of such other economic activities of the country as commerce and 
industry. It would be impossible, likewise, to deal with the essential problems 
without considering the density and professional skill of the population. 

Individual farmers in many countries try to take advantage of every imaginable 
opportunity to increase the productivity of their soils, but in the Netherlands 
this is a common national objective. In consequence, strong moral and economic 
forces are aroused, and results far exceeding those attainable by individual efforts 
are being achieved. In this respect, the government exercises a strong influence, 
for in addition to enforcing statutory provisions, it fosters education, advisory 
work, and research. 

The activities of corporations of farmers and growers in the sphere of agricul- 
tural techniques, economics, and organization have shown a marked development 
of their own. Leaders of these corporations have seen to it that the voices of 

^ Government Serviee for Land Improvement, Drainage, and Reallocation. 
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their more skilled and probably more specialized colleagues are now heard in 
circles formerly dominated by tradition. 

Under the influence of these two forces, the state and farmersV organizations, 
the agricultural community experienced an extraordinarily rapid development 
during the last 50 years, a development which by no means has reached its peak. 
Education and advisory work raised the level of professional skill, and farmers^ 
organizations fostered among their members a broader view of their profession 
and of world relations. 

Cooperative action strengthened the economic position of the agricultural 
community. With an eye to conditions on the world market, unsupported by 
protective tariffs until 1928, agriculture changed from a trade, built on tradition 
and on the satisfaction of local needs, to an up-to-date profession founded on 
scientific experiments and closely interwoven with world economics. The Nether- 
lands is too small to produce sufficient food for its population. Bread grain, coarse 
grain, and fat must be imported. On the other hand, before the war vegetables 
and bacon were exported to the United Kingdom and Germany. By growing 
special crops, which need not only much capital and labor but also great skill, 
the Netherlands was on its way to becoming the market garden of the industrial 
regions of Western Europe. 

The extremely dense rural population unavoidably led to an intensified utiliza- 
tion of the soil. Advantage was taken of every facility to improve growing condi- 
tions by applying the latest scientific knowledge. 

In this sphere, modern methods of applying soil science and controlling the 
water supply were developed. Other branches of agricultural science, all focused 
on practical application, also showed gradual progress. Fundamental research 
was evaluated mainly by the practical possibilities it offered. Research was 
closely allied to practice. Actually, farmers themselves set the example of ex- 
perimentation, and the difficult problems encountered were tackled by specialists 
at a much later date. For this reason, a group within the population was keenly 
interested in soil problems and was inclined to apply, though very carefully, new 
knowledge in designing their schemes of management. This possibility of utilizing 
the results of research for practical purposes had a particularly stimulating effect. 
At the same time it raised the demands made on agricultural science for practical 
results. The cultivation of science for its own sake, usually resulting from seclu- 
sion of the research worker, had only limited prospects. 

The Netherlands is a country poor in mineral resources. It does not produce 
basic commodities in demand on the world market. The national economy must 
rely on the intelligence of the people and the skill of the workers of all classes. 
In this respect, soil productivity, raised to the highest level attainable, is a strong 
pillar of prosperity. 

That agriculture could develop to such an important place in the national 
economy of a country whose welfare had for ages been dependent upon commer- 
cial intercourse, is indeed remarkable. That such development was possible was 
due to a large extent to the tendency of farmers to organize, with the result that 
the agricultural interests became powerful enough to command respect. This 


AGKICULTURE 


3 


tendency has existed for centuries. In the Netherlands, an essential object of 
cooperation was to combat superfluous water. The result was establishment of 
the catchment authorities. The exciting battle against water has been the imme- 
diate reason why farmers, responsible for the upkeep of dikes, always could 
maintain a prominent place in the organization of the state, even when agricul- 
ture as a source of livelihood was reduced to a modest position. 

The funds and the man power to fight the battle against water have always 
been provided by agriculture, even in times of economic depression and even 
though the existence of the towns also depended upon the outcome. As the 
farmers in the lower parts of the country have always been able to voice their 
opinion, they never retreated to the subservient position often held by those in 
higher regions. 

The indispensability of dike-defenses undoubtedly was partly responsible for 
recognition of the value of the agricultural class in a community dominated by 
commercial interests. At the same time, it provided agriculturalists with a com- 
mon interest essential to organization and with a means of self-education. 

In the history of agriculture and even more so in the history of regional catch- 
ment boards, definite lines of development can be distinguished. These have 
continued down to the present and help explain the situation today. 

HISTORICAL NOTES 

When the region now known as the Netherlands first appeared in written 
history in the 12th century, a fully developed organization for handling water 
discharge was already in existence. Full economic and judicial powers had been 
conferred on the catchment boards, who were in charge of the maintenance of 
dikes, a duty they could not neglect without danger of flooding their own habita- 
tions. 

The polder organization, the only one in the country with autonomous author- 
ity, has pursued lines of gradual development never interfered with by any 
temporary invader, even men like Napoleon and Hitler. To agriculture, it served 
as a motive for establishing an authority of its own, for the task of discharging 
superfluous water has long been of paramount importance to farmers. Even now, 
there are in this country 2,500 catchment units, administered by the local popu- 
lation, and, as always, many young farmers are being trained in administration 
by these organizations. 

The first impression of the country derived from written history is that the 
Netherlands was being threatened by inroads of the sea and that agriculture 
was fighting a fierce war with the water. The most ancient historical records 
mention many disasters, floods, and dike-bursts, which were all incentives to 
more intense cooperation. When the sea retreated and the regression resulted in 
deeper drainage, the productivity of the soil, and consequently also of labor, in- 
creased, releasing a great deal of man power. Within a few centuries with the aid 
of this released man power the community developed an overwhelming pros- 
perity, resulting in the Golden Age of the Netherlands. 

of the merchants in the 16th century expressed itself in the con- 
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struction of large houses and public buildings requiring much fuel for heating. 
Peat was used for the purpose. This led to excavation of the peatmoors, which 
up to that time had been valueless and inaccessible. New land was gained here. 
Enought money and man power were available to acquire new land also by re- 
claiming the lakes, and the cultivated area rapidly increased. 

Hydraulic engineers of the Netherlands traveled not only throughout the 
country but all over Western Europe as well. Good will was built up for land 
acquisition, enclosure of lakes or pools, and land reclamation. This still influ- 
ences land management to a marked degree. It is this enthusiasm for drainage, 
peat excavation, and other land improvements that turns the scales when the 
pros and cons of any land-improvement scheme are considered. We cannot ap- 
preciate today’s knowledge of soil and drainage without taking into account the 
consequences of this age-old development. 

TABLE 1 


Value of total agricultural output of the Netherlands* 
In millions of guilders 


CROP YTSJJL 

PSODtrCE FROM 
ARABLE LAND 

ANIMAL 

PRODUCE 

HORTICULTURAL 

PRODUCE 

TOTAL 

RAW MATERIAL 

ADDITIONAL 

VALUE 

1939 

155 

575 

120 

850 

256 

600 

1947 

456 

987 

448 

1891 

202 

1689 

1948 

453 

1141 

452 

2046 

341 

1705 

1949 

444 

1534 

503 

2481 

452 

2029 

1950 

655 

1880 

520 

3055 

564 

2491 


* Reference: Handbook Central Bureau of Statistics. 


GOVERNMENT ACTIVITIES 

The influence of the government upon the development of agriculture is of 
more recent date. When, about 1890, agriculture was involved in a serious de- 
pression, the only way to render assistance was, according to the dominating 
liberal political ideas at that time, to foster advisory work and education. In the 
following years an agricultural advisory service was established. This now enjoys 
the full confidence of farmers, and though exposed to much sound criticism has 
nevertheless found its ideas gratefully accepted. 

This very effective advisory service is the key to a clear understanding of the 
agricultural potentialities of the Netherlands (table 1). The significance of this 
service to soil science and other research can hardly be overrated. Because of the 
cooperation of the advisors, it has always been possible to make practical ap- 
plication of the results of thorough investigations. Agricultural education, also 
established in this period, penetrated to all parts of the country and was taken 
up by the farmers^ sons. As a result, not only has valuable knowledge been 
spread but good will has been built up for research and advisory work. The im- 
portance of this must not be underestimated. 

The main contact with farmers in the first decades of advisory work was 
through the effort to increase use of fertilizers. This gave both teachers and 
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advisers a hold on the agricultural population. The experiment station at Gronin- 
gen was established to further research on soil chemistry and fertilizers* The 
advisory service and this station, in close collaboration, have succeeded, in the 
course of 50 years of research and publicity, in making the Netherlands one of 
the largest consumers of artificial fertilizers per unit of area in the world (table 2). 
Today, the quantity of fertilizers applied depends not on the farmer’s knowledge, 
but rather on his financial position and the supplies available. 

In the fertilizer field, no further appreciable improvements can be envisaged 
under the present systems of husbandry. Improvements will entail merely ad- 
justment of minor errors in the quantities applied and more careful consideration 
of the variations in available plant nutrients in the soil. To this end, practical 
farmers can call upon soil-testing laboratories, which annually analyze more 
than 100,000 samples. 

TABLE 2 


Total quantities of fertilizers applied in the Netherlands'^ 
In 1,000 tons 


SEASON 

NITEOGENOUS PEETILIZERS 

PHOSPHATIC FEETIUZEES 

POTASSIC PEETIUZEES 

1924/25 

34 

88 

89 

1929/30 

61 

106 

92 

1934/35 

59 

103 

82 

1939/40 

102 

108 

104 

1945/46 

76 

49 

46 

1946/47 

106 

119 

68 

1947/48 

116 

137 

100 

1948/49 

115 

120 

108 


* Reference : Distribution Bureau of Fertilizers, The Hague. 


In the 19th century the cause of many of the difficulties encountered could not 
be determined, but today fertilizer problems are solved by applying the results 
of many field experiments. The problems to be solved have gradually become of 
less importance but require experiments on an ever-increasing number of plots. 

A survey has shown that fertilizer usage in the Netherlands under the present 
systems of husbandry has reached almost its economical limit. 

Such fertilizers as potash and phosphate are applied in adequate, perhaps even 
slightly excess, quantities. In many cases rich soils are overfertilized and poor 
soils underfertilized. By increasing the total application of phosphoric fertilizers, 
of which there was formerly a great shortage, a 1 per cent increase in total yield 
for the whole countiy can still be envisaged. It has been calculated that a further 
increase of 2 per cent in total yield can be anticipated from potash and 3 per 
cent from lime. 

Though for some fields trace elements are of paramount importance, no con- 
siderable increases in total yield for the country can be expected from more 
general applications. For magnesium, the possibilities cannot yet be estimated. 
The results of investigations with regard to this plant nutrient have only lately 
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attained the stage of practical application. The benefits from more efficient fer- 
tilizing with magnesium might well prove to be more promising than has been 
presumed. 

The position of nitrogen differs slightly from that of other nutrients, as the 
type of farm management is a more or less decisive factor here. Marked improve- 
ments are still conceivable, namely, an increased yield of 10 per cent on arable 
land and of 40 per cent on grassland. To achieve the latter, however, a radical 
modification of management will be needed and education and extension will 
have to prepare the way among the rural population. 

More efficient use of fertilizers by adapting the applications to the nutritional 
reserves in the soil is of considerable economic importance. This does not imply 
larger applications but more efficient usage, which means profit both to the 
farmer and to the nation. The efforts of soil scientists in this country are, how- 
ever, no longer devoted so largely to fertilizer problems. The interest is now 
focused on other subjects, and more results are expected from studies of soil 
profiles and of control of water-table levels. 

PRESENT OBJECTIVES OF SOIL SCIENCE 

During the last few decades more attention has been paid to improvements in 
soil and in the utilization of water resources. The ever-increasing density of 
population, particularly the birth-excess of the rural population, and the ever- 
increasing land hunger are incentives to intensified land use. There is scarcely 
any reclaimable wasteland left. Most of the terrain not under cultivation is de- 
voted to natural sanctuaries. Recreation areas are likewise debarred from agri- 
culture. The beds of lakes and pools that are suitable for reclamation are already 
under cultivation. Only the gigantic operation of reclaiming the Zuyderzee 
presents fresh opportunities, but this operation is beyond the power of private 
initiative. 

Because of the meager possibility of acquiring new land, means of increasing 
the productive capacity of the land now under cultivation are being emphasized. 
Attempts are being made to utilize the components of the present profiles in 
developing new profile structures more valuable to agriculture. Soil science is 
being applied to finding ways and means of wresting from the soil every last 
possible scrap of produce. 

To make land improvements of this kind is very costly. The expenditure usually 
far exceeds the funds that can be profitably invested by private capital. It is 
necessary to consider in detail here the financial aspects of this problem because 
the importance of the land improvement works concerned cannot be properly 
appreciated without an understanding of the concept of their financing. In this 
respect an ever-wfidening theory is being developed to determine how great an 
investment of funds granted by the exchequer is justified. 

The argument will be based upon the developments resulting from the birth- 
excess. Many young prospective farmers have long had great difficulty in finding 
farms. Increased demand and a stationary supply caused land rents to rise more 
and more, with the result that the price of land also increased considerably. 
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Consequently, the position of tenants weakened gradually, and even when 
wholesale commodity prices dropped only slightly, it became critical 

It was found necessary to stabilize rents at the 1940 level In consequence, 
selling prices of land also became stable. After the postwar devaluation of the 
guilder, the prevailing land prices were virtually maintained, and therefore rents 
and selling prices reached a level far below the commercial value of the land. 
The support thus given to tenants has become very substantial, but a drawback 
of the situation is that the cost of improvements is usually not recouped by a 
higher price when a landed property is sold. The result is that owner-occupiers 
are prepared to spend money on their land only if the improvements are sure to 
be very remunerative. Because of the fixed rents, landowners are even less 
prepared to bear the costs of improvements on tenant farms. 

As a result of the artificially low prices, part of the capital invested in improve- 
ments does not yield interest, as it would if the price structure of land were not 


TABLE 3 

Exports of agricultural produce from the Netherlands in 1949* 
In millions of guilders 


Pulses 

Potatoes for industrial use 

Seed potatoes 

Flax 

Agricultural and horticultural seeds . , 

Potato starch 

Butter 


7.8 

Cheese 

159.0 

48.1 

Condensed milk 

129.1 

51.5 

Milk powder 

35.6 

32.7 

Fresh eggs 

65.5 

51.0 

Raw vegetables 

110.8 

44.6 

Fresh fruit — 

59.4 

226.2 

Bulbs 

83.4 


* Reference : Handbook Institute of Agriculture Economics. 


controlled. Consequently, essential improvements are difficult to realize. Simul- 
taneously, conditions developed in which laborers, being unable to find work 
in either industry or agriculture, were employed in land improvement. Particu- 
larly in the thirties, unemployment was rjtfe, and more and more unemployed 
persons had to be considered. In subsequent years conditions changed, and only 
local seasonal unemployment had to be taken care of. 

Economic conditions in the Netherlands do not warrant much mechanization 
of soil-improvement work. Careful discrimination between the layers in the soil 
profiles demands more accuracy than is possible with machinery. For these rea- 
sons the use of unemployed labor to carry out land-improvement schemes of the 
character cited is a practical proposition. 

Another point is that the national economic interests of the Netherlands are 
well served by increases in agricultural production. 

Industrialization of the countries formerly producing raw materials will, in 
the long run, inhibit industrialization in Western Europe, and more attention 
will have to be paid to agriculture. Right now, however, export of industrial 
products is difficult and furnishes insufficient exchange to pay for the imports 
(tables 3 and 4). Increased agricultural production, therefore, can favorably 
affect the balance of trade. 
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Filially, it should be pointed out that 50 years of education and advisory work 
have resulted in a skilled population, able to utilize land improvements effec- 
tively . 

Appreciation of the significance of moisture in the soil and of water in the 
ditches during ages of catchment activities in this country provided a basis for 
taking advantage of the fresh opportunities for land improvement, which means 
improvement of water-holding capacity, presented by the new ideas on financing. 

If one divides the task of soil science into practice and research, then applied 
soil science will be devoted to meeting the need for more agricultural produce 
and for more or less temporary objects for employment of seasonal surpluses 
of labor. Research in soil science will undertake to define the fundamentals of 
the productive capacity of soils and show where definite improvements can be 
made. 

TABLE 4 


Home 'production and imports of some important commodities of the Netherlands* 
In millions of kilograms 


YEAR 

WHEAT 

OTHER CEREALS 

1 STTGAR. 

Home grown 

Imports 

Home grown 

Imports 

Homegrown 

Imports 

1938 

434 

644 

1138 

1177 

222 

133 

1947 

194 1 

489 

835 

431 

223 

-48 

1948 

305 

615 

836 

767 

201 

124 

1949 

425 

432 

1129 

750 

! 256 

1 144 

1950 

297 

624 

1 1024 

937 

1 367 

92 

1 


* Reference : Handbook Central Bureau of Statistics and monthly publications of 
statistics. 


The most suitable depth of drainage, the necessity for leveling, and the breakup 
of hardpans must be indicated, and the areas involved must be defined. The 
activities of the state in establishing economic conditions conducive to this work 
require due consideration of the financial prospects. This means that the in- 
vestigations must be directed particularly to increases in cash returns from the 
improvements. The complex relations of soil, water, and crops must be surveyed. 

This comprehensive task, involving the difficult study of factors that cannot 
be changed at will on an experimental field, has been taken in hand by various 
institutions. The complexity of the problem suggests uncertainty that the present 
generation of investigators, like the preceding one, will be able to advance the 
understanding of problems of land improvement so much that in the near future 
it toU be possible to say that no further major increases in national income can 
be expected from land improvement. 

SIGNIFICANCE OF LAND-IMPROVEMENT WORKS AND GRANTS 

As already mentioned, the financial administration of land-improvement works 
constitutes a very important part of drainage and reconditioning activities. 
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Without financial support, it would be impossible to find many projects that 
could be taken in hand. Under prevailing conditions, the more important possi- 
bilities of improvement yield inadequate profit. 

As long as unemployment was rife and relief work was essential, the returns 
from a labor project were not a primary consideration. Today the number of 
unemployed is not high, but still land improvement and regional drainage works 
must be executed. In contemplating the granting of subsidies, the question has 
arisen whether relief of unemployment should be a decisive consideration. The 
conclusion reached is that the execution of subsidized schemes even by employing 
regular workers is in the national interest. 

This conclusion is based on the consequences of the war devastations, the rapid 
increase in population, and the high level of crop yields which are capable of only 
veiy slow further advances. One of the consequences of the war was a disturbed 
balance of trade, the inflationary action of which necessitated efforts to maintain 


TABLE 5 

Population and Us density in the Netherlands* 


YEAR 

NUMBER 

DENSITY PER 

SQ. KM. 

1 

YEAR 

NUMBER 

DENSITY PER 

SQ. KM. 

1879 

4,012,000 

123 

1940 

8,923,000 

271 

1889 

4,511,000 

138 

1946 

9,542,000 

286 

1899 

5,104,000 

156 

1947 

9,715,000 

291 

1909 

5,858,000 

179 

1948 

9,884,000 

296 

1920 

6,865,000 

210 

1949 

10,025,000 

309 

1930 

7,935,000 

243 

1950 

10,200,000 

315 


* Reference: Handbook Central Bureau of Statistics. 


a low price level to prevent an excessive rise in wages. A rise in prices of agricul- 
tural produce is being counteracted as much as possible, and a scheme of sub- 
sidies has been adopted to avoid it. 

The increase in population (table 5) gives rise to many difldcult problems. It 
is very doubtful, indeed, whether agriculture can continue to absorb a sub- 
stantial number of these new workers. Industrialization on a large scale will, as 
a matter of fact, be essential, but it is very difiScult to visualize where purchasers 
of manufactured articles could be found abroad. The expansion of agriculture, 
however, might result in production that could replace imports from foreign 
countries. It could create means of subsistence for the anticipated excess in popu- 
lation, whether or not these compatriots could grow the produce themselves. 
Furthermore, these commodities would not have to be bought abroad, and 
foreign currency to pay for them would not be a problem. 

Finally, the annual increase in labor productivity in agriculture is not quite 1 
per cent. This is only a third of the rate for commerce and manufacturing indus- 
tries. Increase in labor productivity by employment of less labor would necessi- 
tate finding employment elsewhere for the replaced workers and would lead to 
an increase in the surplus of labor. In this direction no solution to the problem 
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can be found. In addition, the profitability of mechanization is limited, because 
of the price structure and the unsuitability of the culture of refined crops to 
mechanized farming. Total yields would not be greatly increased by mechaniza- 
tion. It is envisaged that in the next 20 years the population will increase by 1 
per cent annually, and therefore a decline in agricultural imports can hardly be 
anticipated. The danger from more rapid development of labor productivity in 
industry is that agriculture will lag behind. If agricultural productivity increases 
annually by 1 per cent, compared with 3 per cent in the industries, then some- 
thing must be done to maintain the balance. 

A rise in commodity prices will be necessary, but this is not desirable because 
of its influence on the relation between wages and prices. 

An alternative is to aim at a more rapid development of soil productivity by 
the inception of schemes designed to effect an accelerated rate of increase in pro- 
duction. As a whole, this will involve investment of fresh capital. Owner-occupi- 
ers, using 50 per cent of the land, are not prepared, however, to supply the 
needed capital because the fixed rents and sale prices of land do not make such 
investments profitable. 

Prospective workers will have to be employed somewhere, and if the prosperity 
of the rural population lags behind that of the urban population, assistance will 
have to be furnished. Finally, as price controls prevent adequate returns to 
ovmer-occupiers, the government must assume the task. The necessity for grant- 
ing subsidies arises from the need to supply work to the increasing population 
and maintain the present standard of living. 

POSSIBILITY OF GREATER PROSPERITY THROUGH LAND IMPROVEMENT 

It can be assumed that the monetary return from 1 hectare of land will support 
one inhabitant of the Netherlands. If one takes into account the increase in 
population to be expected, it will be clear that a considerable part of the popula- 
tion increment must find employment in either commerce or manufacturing 
industries (table 6). 

It might be assumed that the most convenient solution would be to find occu- 
pation for 10 per cent of the increased population by expansion of agriculture. 
If that could be attained, the composition of the population, classified according 
to occupations, would not change substantially. In addition, it might be assumed 
that half the difference between the increase in labor productivity in agriculture 
and in industry can be met by a rise in prices of the agricultural produce. The 
other half would have to be covered by increases in labor productivity. 

Experience shows that ultimately an increase in the production of land already 
under cultivation, equal to the 3 deld of 1 hectare, demands a capital investment 
of 5,000 guilders. For a proper understanding, it may be well to point out that 
increments in production are preferably expressed in yields equal to that of a 
hectare, as a monetary evaluation of the improvements becomes possible by 
assessing the apparent gain of land. 

A survey is possible on the basis of these fundamental data. The agricultural 
income must rise by 1 per cent a year. This means an increased 3 deld equivalent 
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to that of 24,000 hectares, if the total area of cultivated land is 2,400,000 hec- 
tares. This would require an expenditure of 120 million guilders annually, if the 
cost of improvements, representing the yield of 1 hectare of land, is estimated at 
5,000 guilders. If additional capital of 120 million guilders were invested an- 
nually, it would be possible to accommodate the part of the anticipated increase 
in population that should obtain its livelihood from agriculture. Most of the area 
of cultivated land would have to be subjected to radical improvements, not 
counting those made by farmers on their own initiative, for this normal increase 
is included in the annual rise of 1 per cent a year in labor productivity. 

If the intention is to furnish occupations in agriculture to another 10 per cent 
of the envisaged increase in population, equal to 2 million head, of which half 

TABLE 6 


Number of workers in the Netherlands classified according to occupations'*^ 

In thousands 


OCCUPATIONS 

1938 

1946 

1947 

Manufacturing industries. 

1090 

1260 

1400 

Agriculture 

640 

640 

640 

Navigation. 

30 

30 

30 

Commerce 

430 

440 

460 

Transportation 

300 

340 

370 

Domestic services 

270 

150 

180 

Education 

50 

60 

60 

Civil services 

70 

i 200 

180 

Army and Navy 

1 30 

110 

170 

Other occupations 

130 

180 

190 

Total 

3040 

3410 

3680 


* Reference: Oomens and Van der Kolk: Stat. and Econ. Inv. No. 4, 1949. 


will be active workers— the other half being women, children, and elderly people 
— ^then a primary income of 10 million guilders will be involved (table 7). 

Based on a return of 700 guilders per hectare and taking the results of com- 
pleted improvements as equal to 25 per cent of this amount, the extra income can 
be realized by improving 57,000 hectares annually. By estimating the investment 
required at 1,200 guilders per hectare, the total amount of capital needed will be 
70 million guilders. 

This calculation reflects the task that will be assigned to agricultural science 
by the community in the economic sphere. A total investment of 190 million 
guilders a year would imply that 160,000 hectares of land already in cultivation 
must be taken in hand annually, or that 20,000 hectares of new first-class land 
must be acquired by reclamation every year. In the case of reclamation of waste- 
land, 40,000 hectares would have to be added to the cultivated area annually. 

A plan developed from these three possibilities would have to cover 20 years, 
as it is presumed that after that time the Dutch population will have become 
stationary. 
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The expenditure of some 200 million guilders annually would probably be ac- 
ceptable. But finding the land for these improvements presents some difficulties. 
Some 230,000 hectares of lakes, seas, and tidal washes are still available for 
reclamation (table 8) and would satisfy the requirements of agriculture for 11 
years. The area of wasteland to be considered for reclamation is 50,000 hectares, 
which would meet the needs of agricultural expansion for only 1 year. To satisfy 

TABLET 


National income of the Netherlands according to occupations* 
In millions of guilders 


OCCTTPAXIONS 

1938 

1947 

1948 

Manufacturing industries. ...... 

1,493 

4,224 

4,982 

Agriculture 

S32 

1,267 

1,434 

Fisheries. 

11 

53 

42 

Commerce 

525 

1,438 1 

1,720 

Transportation 

501 

1,065 

1,179 

Banking and insurance 

154 

371 

398 

Education 

136 

280 

383 

Other occupations 

512 

706 

686 

Utilization of real property 

641 

580 

558 

Civil services. 

257 

1,100 

1,096 

Occupations abroad 

402 

233 

294 

Total 

4,964 

11,317 

12,772 


* Reference: Handbook Institute of Agricultural Economics. 


TABLE 8 

Area of wasteland in the Netherlands* 


YEAR 

HECTARES 

1900 

591,000 

1910 

643,000 

1920 

482,000 

1930 

378,000 

1940 

270,000 

1950 

210,000 


* Reference: How the Netherlands Expanded; 10th anniversary of the CTD. 1945. 


the demand for the remaining 8 years, another 1.3 million hectares of land al- 
ready in cultivation would have to be subjected to improvements resulting in 
yield increases. Such a development would represent improvements in the control 
of water resources, in the productive features of soil profiles, in efficiency of 
fertilizer treatments, and in land utilization. 

It is hardly imaginable, however, that such a comprehensive scheme could be 
completed within 20 years. 

Obviously, there are several solutions for the difficulties arising from the 
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rapidly increasing density of population and the diminishing returns from en- 
deavors to intensify agricultural production. One of these solutions is a marked 
stimulation of industrialization, and another one is emigration. We are interested, 
however, only in the task that could be assigned to agricultural science, more 
particularly to soil science. This task must include determination of the best 
paying methods of improvement and also of the methods assuring the highest 
net returns. 

As already mentioned, one must not acquiesce in the adaptation of production 
to prevailing soil and water conditions. Rather, all opportunities for adapting 
growth-promoting factors to the required crops must be traced and thoroughly 
utilized. Numerous possibilities offer themselves. It may be practical to achieve 
improvements by more efficient fertilizer treatment, by growing improved vari- 
eties of crops, by using more advantageous rotations of crops, by acquiring new 
land, by realizing higher yields through better control of water resources, by 
ameliorating soil profiles, and by better management of soils and crops by the 
farmers. 

Most of these improvements are already receiving considerable attention, and 
any intensification will be difficult to effect. As to land improvements, the posi- 
tion is different, though here, too, any considerable expansion of the magnitude 
of the work already being done will be difficult to achieve. On account of the 
wide experience gained with many methods of land improvement, experience 
that is constantly being added to, it is scarcely imaginable that the necessary 
know-how will be wanting if it is needed in the future to help maintain the 
standard of living. 

It is inspiring to workers engaged in land improvement and drainage to be 
able to furnish so much help in maintaining the standard of living of the agri- 
cultural community. The opportunity offered to them to implement schemes 
and to perform an essential scientific task of very high standard should, how- 
ever, not be considered as a consequence of unusual activity of, or of special 
knowledge accumulated by, the organizations, institutions, and workers. It is 
the very extraordinary social and economic conditions that demand these exer- 
tions in the sphere of land improvement. 

The Netherlands can be assured that at the proper time she will have at her 
command a panel of soil science workers whose practical and research activities 
will meet the high requirements arising from conditions prevailing in her realm. 



SOILS 

a H. EDELMAN 
Landbouwhogeschool,^ Wageningen 

Alluvial soils comprise about 50 per cent of the soils of the Netherlands. The 
most prosperous areas of rural Netherlands have developed on these fertile soils. 
The traditional concept of the Netherlands being won from water in an age-old 
struggle applies especially to the lowlands, which have been formed entirely of 
alluvium. 

In most countries, alluvial soils have attracted less attention than residual 
soils. The latter are of greater interest to the soil scientist because they show the 
result of interactions of the five soil-forming factors: parent material, climate, 
vegetation, topography, and time.^ Most alluvial soils are very young and show 
little effect of soil-forming factors. Long ago a famous Russian soil scientist of 
the pedogenetic school who was visiting Holland was so disappointed with what 
he saw of the alluvial soils of the province of Groningen that he exclaimed: 
‘'These are not soils. But the grand old master of the Dutch soil scientists. Dr. 
D. J. Hissink, gave this answer: "Perhaps they are not soils, but they produce 
crops.’’ Actually, the young marine clay soils of the Netherlands are among the 
most productive soils in the world and, from the standpoint of food production, 
similar soils elsewhere deserve the full attention of soil scientists, agronomists, 
and rural planners. 

The high productivity of alluvial soils can be utilized only after proper rec- 
lamation. Many coastal swamps of all continents have high potential fertility. 
Whether this fertility will ever contribute to world prosperity will depend 
primarily on the drainage technique employed. 

Drainage and reclamation of coastal swamps is a national art of the Dutch. 
From the Middle Ages up to the 20th century, Dutch experts reclaimed swamps 
all over the world. WTien we visit such old reclamations in foreign countries we 
at once recognize the Dutch technique, but we often observe also that later 
management, especially maintenance of the drainage works, has been defective. 
To be productive, alluvial soils not only must be properly reclaimed, they must 
also be properly managed. The accumulated experience of the Dutch in the 
legislative and administrative fields is as important as their technical tradition. 

MARINE ALLUVIAL SOILS 

The marine alluvial soils of the Netherlands are by no means uniform. Their 
profiles reflect the very different ways in which they have been formed. Much 
of the differentiation of properties of the horizons is due to the principles of sedi- 
mentation. Soil surveyors in the Netherlands have found that good maps of 
alluvial soils can be made only if the formation of the deposits is understood 

^ State Agricultural University. 

* In countries with an old civilization, a sixth factor, man, is of as great importance as 
the classical five. 
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Fig. 1. Map op the Soils op the Netheelanos 

1. Old sea clay soils ; 2. Y oting sea clay soils ; 3. River clay soils ; 4. Peat and peat reclama- 
tion soils; 5. Dune sand soils; 6. High, moist, sandy soils; 7. Gravelly sandy soils; 8. Various 
sandy soils; 9. Loess soils. 

The intricate patterns of silted tidal creeks, as shown on the soil maps of 
Westland, South Beveland, and Walcheren, explain the distribution of lighter 
and heavier soils. Many, but not all, young alluvial marine soils are rich in 
CaCOs. Some of them are rather heavy, sometimes sticky clays.® In the older 

® The term clay is used in this paper as an equivalent of the Dutch term klei. The Dutch 
designate as klei all young deposits of the sea and the rivers, from sandy loam to clay. 
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literature it is taken for granted that such soils originally were rich in CaGOg 
like ordinary marine soils. The beautiful structure of such soils is supposed to 
have been destroyed and their CaCOa lost through leaching under the influence 
of the moist climate of the Netherlands. The heavy, sticky clay soils have even 
been considered as podzols on marine clay. Recent studies indicate that this view 
is wrong and that the heavy marine clay soils that are poor in CaCOs have never 
been calcareous. Most of the heavy, sticky marine clay soils are utilized for graz- 
ing. They are less productive than the younger calcareous marine clay soils, but 
they are good enough to support the highly productive Frisian cattle. 

Some of the alluvial clay soils of the brackish belt were deposited as black 
muds, poor in CaCOs but rich in FeS 2 . After drainage, these muds oxidize and 
form very acid soils, containing free H2SO4. This so-called cat clay presents one 
of the most troublesome problems in coastal reclamation. Along the present coast 
and estuaries of the Netherlands there are no instances of the formation of such 
muds, but in the natural landscapes of the past they were not infrequent. 

In many coastal*areas of the world, similar very acid marine soils occur. They 
have not received sufficient attention. Textbooks on soils do not describe them. 

Over large areas, the marine clays of the Netherlands cover peat deposits. 
After drainage, the peat subsoils become compacted, and the land surface settles. 
Where the peat layer is absent because of former erosion of the peat by the sea, 
there is ^/ery little compaction but, rather, a differential settling, which is known 
as inversion of the topography. The resulting irregular topography is a nuisance 
in the regulation of drainage. 

The extensive peat deposits of the western part of the Netherlands cover an 
older sea clay deposit, which ordinarily lies 12 to 15 feet below sea level. As 
about 250,000 acres of this peat layer have been excavated for fuel or removed 
by marine erosion, many lakes are formed with bottoms consisting of the old sea 
clay. Most of these lakes have been reclaimed in the course of the centuries, and 
now the former clay bottom is farmed. Many of the old sea clay soils are excellent, 
but a rather large part is composed of cat clay. Fortunately, the topsoil of most 
of the cat clay is a black mixed soil deposited on the bottoms of former lakes. 
Ordinarily, these black soils are used for intensive grazing. 

KIVER CLAY SOILS 

The big rivers Rhine and Meuse, which divide the country into a northern 
and a southern part, have also formed alluvial soils. Bordering ancient branches 
of these rivers, natural levees of brown and permeable clay soils are found. 
These natural levees surround lower basins, the backswamps of the natural 
landscape, with extremely heavy, impermeable, gray clay soils. The higher land 
on the levees was reclaimed before embankment, which was terminated about 
1200 A.B. The backswamps were parceled and drained a century later. Free 
drainage by sluices was followed by windmill drainage, and during the 19th 
century the windmills were replaced by pumping stations. Among the higher, 
brown, permeable river clay soils are many of the best orchard soils of the coun- 
try. The basin clay soils, however, are rather unproductive. Their drainage raises 
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very difficult problems, as they periodically suffer from drought and from ex- 
cessive wetness. 

Proper drainage of the whole district is adversely influenced by the seasonal 
regime of the rivers. During wet seasons, when drainage is most necessary, the 
rivers between the dikes are much higher than the land surface. Under these 
conditions, water from the river seeps through the coarse sandy subsoils into the 
land, thus increasing the quantity of excess water. At the same time, drainage 
to the high river level is especially difficult. During dry seasons, when the rivers 
are very low, the opposite process takes place: there is already a shortage of 
water for the crops, and the rivers drain the sandy permeable subsoil of the 
region so heavily that the shortage becomes even greater. 

Under such conditions the best soils are those that are permeable and at the 
same time retain enough water in their subsoils. Such soils are the valuable 
orchard soils on the natural levees. 

In the western part of the river clay area, peat underlies the heavy, sticky 
clay soils. Because of inversion of the topography, such soils are now about 6 
feet lower than the narrow clay strips bordering the rivers. This differential 
settling, like marine inversion, causes much trouble for the drainage schemes. 

SANDY SOILS 

The sandy soils, including peat soils found in depressions of the sandy area? 
comprise about half the surface of the Netherlands. About 80 per cent of the 
sandy materials near or at the surface in the Netherlands were formed as wind- 
blown deposits at the end of the Pleistocene epoch. They are called coversands 
and are the sandy equivalent of the loess deposits found elsewhere. 

The coversands are of two t 3 q)es: rather pure wind-blown sands of uniform but 
varying grain size, and sands more or less rich in silt. The latter are mixtures of 
coversand and loess and are ordinarily called loamy coversands. 

Other sandy soils are of mid-Pleistocene age and are partly of glacial origin. 
Many of them contain gravel and some finer material; such sands are poorly 
sorted, in contrast with the wind-blown sands. The sandy regions have a gently 
rolling topography. Some hilly tracts rise to about 300 feet above sea level. 

On all these sands, soil profiles have developed since the Pleistocene. On the 
pure sands, podzols have been formed under influence of a heath vegetation. 
The gravelly sands, with their low content of fine particles, show forest soil 
profiles of the gray-brown and brown podzolic kinds. This is also true for the 
finer coversands, especially the loamy sands. 

As a whole, these soils are rather infertile. When stone-age man settled in this 
area he could practice only extensive grazing and some shifting cultivation. 
Thus, much of the forest was destroyed, and extensive heath fields came into 
being. Later, man found permanent agriculture possible by maintaining large 
numbers of livestock, especially sheep, collecting the dung, and manuring a very 
limited area of permanent arable land. This old arable land is characterized by 
deep black soils and is found near all the villages and hummocks in the sandy 
parts of the Netherlands. The heath plains and forests were grazed and were 
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impoverished by man’s use of the heath sod and the forest litter as bedding in 
his barns. It is not surprising that heath soils were considered as the poorest of 
the poor soils up to the last quarter of the 19th century. The reclamation of these 
heath soils is a great achievement, but it has been made possible only by the 
introduction of chemical fertilizers. 

Water conditions rather than lack of plant nutrients are the bottlenecks of 
agriculture in these parts of the country. When the soils are too high above 
ground water, they are of no use to agriculture and are better suited to forestry. 
When they are too wet, they can be drained and used for pasture. Between these 
two limits, various qualities of arable land are found. The classification of these 
soils is based on the depth of the top of the glei horizon in relation to the thick- 
ness of the humic upper profile and to the content of fine particles. In pure sands 
with an average humus content, a glei horizon depth of 5 feet means land of 
inferior quality. A depth of 2 feet would be optimal for arable land, and 1 foot 
is the limit of arable land on the moist side. 

It is impossible to use the water table itself as a mark in soil surveying and 
classification, because it fluctuates too much during the seasons and this makes 
regular field work impossible. The glei horizon gives a reliable over-all picture 
of ground water conditions in the soil profiles. 

On the driest sandy land, only rye can be grown. Slightly better soils produce 
two crops in rotation, lye and oats. On still moister land, potatoes also can be 
grown. Good sandy arable land is characterized by a four-crop rotation, includ- 
ing mangolds. The farms are small and managed in such a way that the products 
of the arable land serve as fodder for the livestock, which is also supported by 
the pastureland on the lowest soils. 

In the northern part of the country the coversands rest on glacial till, which 
strongly influences their water conditions. Such soils have been described as 
high moist sandy soils. 

Part of the Pleistocene sand landscape has been destroyed by ancient wind 
erosion. The inland sand dunes, formed in this way, have been stabilized by 
forestation, but some of the dune sand is utilized for agriculture, often with rather 
pitiful results. Small areas of these inland dune sands are moist and well suited 
to market gardening. 

PEAT SOILS 

Peat soils are found in the low western part of the country and in fiat part® 
of the sandy regions. The low-lying peats of the west have settled by compaction? 
and their surface is now about 6 to 8 feet below sea level. They are utilized for 
dairy farming. Most of the farms consist entirely of grassland. Some favorable 
parts of the peat region are used for intensive horticulture. 

More important is the ancient peat exploitation. In this low land the peat was 
excavated by dredging, and the many lakes resulting from the dredging were 
later drained and reclaimed. 

The large peat deposits of the flat parts of the sandy regions were wasteland 
before they were exploited. By digging canals, it was easy to drain these peats, 


20 


C. H. EDELMAN 


which lay several meters above the surrounding landscape. Fuel was prepared 
by cutting the slightly drained peat. The result of the exploitation was not a lake 
but a sand plain, the sand being the geological substratum of the peat. This sand 
plain was not bare, because some parts of the peat profile were not good enough 
for fuel and were throvui away by the cutters. Later this loose organic layer was 
covered with about 4 inches of sand. The plow mixed the sand with the top of 
the organic layer. This soil will produce crops only if properly fertilized, but 
many of these moor-colonial soils are excellent. Thus, large tracts of waste moor- 
land have done double duty, first, by producing an economic supply of fuel, and 
second, by providing very good farmland. We know of no similar example of 
successful reclamation of peat deposits in the world. 

In other parts of the country, peat was excavated in a less systematic manner. 
Here one finds the usual desolate combination of deep pits and remnants of 
peat, characteristic of most peat exploitations. It is scarcely possible to reclaim 
such deserted areas. 

DUNE-SAND SOILS 

Much of the coast of the Netherlands is formed by sand dunes. Some of these 
are bare or are covered only with sparse natural vegetation; others have been 
planted to forests; and still others are grazed. Near the coast, the dunes are 
young, with no profile development, and mostly calcareous, but the landside is 
formed by an older dune system, which is strongly decalcified and shows podzol 
and forest soil profiles similar to those on the Pleistocene sand deposits. 

As a whole, the agricultural importance of the dune area is so limited that it 
would not be worth consideration in this paper if some extremely good man-made 
soils had not been formed from it. The main reasons why dune sand in its natural 
state cannot be farmed successfully are that it is too poor and too dry. But lack 
of fertility is no longer an objection, since the soil can be manured or fertilized, 
and drought can be controlled by excavating the sand to such a level that the 
water table ts at a favorable depth. It is in this way that the precious flower-bulb 
soils have been made from dune sand. The ground water in such soils is kept 
constant during the year at about 55 cm., a deviation of 5 cm, in either direction 
being too great. Along other parts of the coast, where it is impossible to maintain 
such a stable ground-water level, good market-garden land has been made from 
the dune sands, 

LOESS LOAM SOILS 

A small part of the Netherlands is made up of Pleistocene loess. The soils on 
these loess deposits are decalcified. Their profiles consist of rather uniform brown 
loams, with the characteristics of gray-brown podzolic soils. Their reclamation 
dates partly from prehistoric times. 
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It is well known that a large part of the Netherlands is only slightly above sea 
level or even below and must be protected by dikes against inundation. More- 
over, the Dutch climate is moist, and large quantities of excess precipitation 
must be removed. Flood control and artificial drainage, therefore, are essential 
for the habitability of the low-lying areas. 

Notwithstanding the excess water, investigations have revealed that during 
dry summers crop production may be seriously hampered by drought, and fresh 
water is urgently needed. This need could be met if the excess water that is 
drained into the sea during the wet period in winter could be stored for use in 
summer. 

Storage of water may also prove to be the solution to another problem. The 
salt waters of the North Sea are gradually penetrating the Netherlands, seriously 
threatening agriculture, especially horticulture. This invading salt water might 
be forced back by a stream of fresh water, which in summer could be drawn, at 
least partly, from storage basins. 

CMMATE 

The climate of the Netherlands, being greatly influenced by the proximity of 
the Atlantic Ocean and the North Sea, is generally moist and temperate, with 
some frost in winter and a rather cool summer. The mean temperature is 2.6°C. 
in January and 18.2®C. in July. 

The rainfall averages 715 mm. a year, varying from 400 to 1,000 mm. It is 
well distributed over the months. The precipitation averages 40-60 mm. a month 
from January to June and 60-80 mm. from July to December. Very wet months, 
however, may have more than 200 mm. of precipitation, and dry periods of 10 
or more days may be expected every summer. 

Daily maxima of precipitation may reach more than 80 mm. in summer dur-^ 
ing thunderstorms. In winter, the critical period for drainage, the maximum 
rarely exceeds 30 mm., and for several consecutive days the average rainfall is 
seldom more than 15 mm. a day. 

Few data are available on evaporation and transpiration from arable land and 
pasture^ but the results of different observations all point to values between 450 
and 650 mm. annually, the exact figure depending on the amount of available 
moisture as well as on the crops grown. In winter (November-February) the 
evaporation is negligible, and nearly all precipitation has to be removed. In 
summer (May-September) the transpiration exceeds the rainfall. In some cases, 
therefore, the crops may suffer from drought, as their transpiration during the 
growing period is about 3-4 mm. a day. 

1 State Agricultural University. 
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The excess of precipitation over evaporation in winter amounts to about 300 
mm.; in summer the shortage of water may be estimated at about 150 mm. 

TOPOGRAPHY 

Topographically the Netherlands can be divided by an imaginary line between 
the towns of Bergen op Zoom in the southwest and Groningen in the northeast. 



The dotted line divides the country into a high eastern part and a low western part. 
Orosshatching marks relatively low areas that suffer from excess water coming from the 
higher-lying soils. 

This line, indicated in figure 1, divides the country into a lowdying, almost en- 
tirely flat area in the west and higher, more undulating ground in the east. The 
higher part of the Netherlands is intersected by the main rivers : the Rijn (Rhine), 
with its branches Waal, Lek, and IJssel, and the Maas (Meuse). The valleys 
through which these rivers flow have the same aspects as the low-lying areas in 
the north and west of the country. Strong embankments protect them against 
inundation. The high soils above these bottomlands are not directly influenced 
by the water of the rivers. 






% 
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When early inhabitants sought places to settle in the Netherlands, the higher 
areas offered the best opportunities for living and for communications, though as 
a rule their soils were dry and were low in plant nutrients. On the other hand, 
the low-lying soils, composed mainly of clay and peat, were generally more 
fertile and therefore better suited for agriculture. A great drawback was their 
low situation in a delta region. Being almost impassable, marshy, and often 
flooded, they could not be put under cultivation until the inundating water, in- 
vading the country from the rivers and the sea, could be kept out. As a conse- 
quence of the desire to reclaim these very good soils, a complicated system of 
embankments, drainage works, and polders was developed. Without these works, 
water control in these areas would have been impossible. Even the landscape is 
strongly influenced by these works: ditches, canals, dikes, and pumping stations 
dominate the low and flat countryside. 

REMOVAL OF WATER FROM THE HIGH AREAS 

The discharge of excess water from the high soils in the southern and eastern 
parts of the Netherlands is not very difficult, as these gently sloping districts lie 
10 to 200 m. above average sea level. Because of their undulating surface, the 
soils in these areas possess locally a fairly large capacity to store water. Natural 
brooks and little rivers, running through small valleys, carry the water to the 
main rivers or to the sea. The proximity of either a river or the sea facilitates 
the discharge of water from the high soils. 

But many of these small streams run a long distance through rather low coun- 
try before emerging into the sea or a large river. In some cases the lower course 
of such a stream forms a part of the drainage system of the lowland, thus adding 
water to an area that may already have difficulty discharging its own water. 
Some of the areas that suffer from this drawback are indicated in figure 1. The 
construction of embankments along the lower courses of these streams and the 
separation of the drainage systems of high and low grounds offer a solution to 
this problem- Sometimes a pumping station has to be built. 

In the high districts the brook-valleys were often flooded, as the water-carrying 
capacity of the streams and their small tributaries was too low. Between 1920 
and 1940 many brooks and small rivers were enlarged, and numerous meanders 
were cut off. Such improvements are still being made along the smaller branches 
of these brooks. 

Improvement of drainage conditions may lead to damage by drought during 
summer. A carefully designed equilibrium between the discharge and retention 
of water is required in these watersheds. This problem is receiving much consid- 
eration at present. 

An exception to this general picture of the removal of excess water from the 
high soils is that of the reclaimed peat districts in the northeast. As described 
by Mohrmann elsewhere in this issue, the original peat layers in these districts 
were excavated and used as fuel. Afterward the underlying sandy soil, covered 
with remnants of peat, was reclaimed for agricultural use. In the process of ex- 
cavating and reclaiming these moors, shipping played a dominant part, as the 
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fuel was carried to the cities by barges. An extensive system of canals was dug, 
and these now serve for drainage purposes as well as for inland water traffic. 

PROTECTION OF THE LOW COUNTRY AGAINST FLOODING 

Greater difficulties were met in the low, flat areas of the north and west. 
Here water control has gradually been established by development of a compli- 
cated drainage system. This forms a pattern that can be understood only from a 

^ STREAm IN THE LOW LANDS 

A - ■ ' 1. .} ^ t.ANPS 




Fig. 2. Development op the Dutch Poldeb Countbt 
A. Before occupation by man, B. After damming of the streams at their mouths and 
their embankment; separation of ^‘boezem” and “polder*’ by small dikes. C. Subsidence 
of the peaty polder soils and pumping by windmills. D. Digging out of some polders for 
peat making. E. After draining of the lake originating from peat making. P. Present situa- 
tion. 

historical point of view. Most striking in this respect are the areas lying behind 
the coastal dunes of the North Sea. 

The dunes offer an effective protection against the sea, but originally the areas 
behind them were often flooded by water from the main rivers. Moreover, the 
rain falling in the area itself had to be carried off. Broad, slow-moving streams, 
like Amstel and Rotte, carried the superfluous water into the main rivers and 
the sea (fig. 2A). On the other hand, they provided entries for flooding waters in 
case of high sea or river levels. 
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The first activities of man were directed against these floodings. About 1100 
A.D. simple embankments were thrown up along the main rivers, and the 
streams were dammed at their mouths. Settlements commonly sprang up near 
such dams. The settlement at the mouth of the Amstel developed into the city 
of Amsterdam, and that at the mouth of the Rotte, into Rotterdam. 

Thus the streams were separated from the waters outside and formed inland 
water systems, covering large areas (50,000-100,000 hectares). These boezem 
systems, as they are called in Dutch, could discharge their excess water at low 
tide through sluices in the dams. Often, however, prolonged high levels occurred, 
causing flooding of the land along the boezem waters. 

To protect the land from these inundations, small embankments were con- 
structed along the inland waters, a process that was almost completed about 
1500 A.D. This resulted in a pattern of smaU units surrounded by small dikes, 
called polders, each covering an area of about 100 to more than 1,000 hectares. 
They sluiced their water into the boezem system at low boezem levels, the 
boezem acting as a storage basin until the water could be sluiced into the main 
rivers or the sea (fig. 2B). 

FUKTHER DEVELOPMENT OF THE POLDER COUNTRY 

Though this system of polders and boezems contributed much to the water 
control, it was by no means perfect, as the excess rain water from a polder could 
be evacuated only at low boezem levels, and the boezem itself could discharge 
its water only when the water level outside was low. Often the rainfall inun- 
dated the land in winter and the soil remained waterlogged until late in spring. 
Moreover, this situation grew gradually worse as the measures taken to drain 
the land caused a subsidence of the soil, which in many of these areas was peaty. 
The surfaces of the polders were lowered by this process, and the maintenance 
of a sufficiently deep water table grew more and more difficult. The situation 
was aggravated still more by the relative rise of the sea level with respect to the 
level of the land, which gradually hampered the discharge of water. 

A great improvement was brought about in the 15th century by the invention 
of the windmill and the paddle wheel. With these, the water of a polder could 
be pumped into the boezem. This pumping accelerated the rate of subsidence of 
the soil, so that today most polder soils lie far below the boezem levels to which 
they formerly drained their water freely. This process is illustrated in figure 
2B and C. Only modern pumping techniques, developed in the 19th and 20th 
centuries, could solve the difficulties arising from this situation. The use of steam 
engines, followed by electric and Diesel engines, together with modern pump 
construction had a large share in this improvement. These engines also enabled 
large quantities of water to be pumped from the boezems into the main rivers 
and the sea, thus resulting in better control of the boezem levels. 

In addition to soil subsidence, a still more marked lowering of the surface in 
some places was caused by human activity. The increasing population of the 
western part of the Netherlands, which had no access to vast forests, began to 
excavate and dry the peat soil for fuel. Seldom has a population more literally 
undermined its source of livelihood. In the course of about five centuries nearly 
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all the peat suitable for combustion has been dredged away and turned into fuel. 
As a rule, this peat digging took place polder by polder, so that within the limits 
of such a polder the land was turned into a lake several meters deep (fig. 2D). 

In the 17th century, however, the techniques of pumping water by windmills 
had already made such progress that, after being surrounded by a strong em- 
bankment, some of these lakes could be drained. The same techniques were ap- 
plied to natural lakes: strong embankments were constructed, windmills were 
built, and the water was pumped out. Thus in the originally flat polder country 
a new type of polder occurred, the ^'droogmakerij,” a lake that had been pumped 
dry. Many of these lake polders, of several thousand hectares each, are noted 
for the fertility of their calcareous clay bottoms. Others are underlain by physi- 
cally and chemically less favorable peat soil. The origin of lake polders is shown 
in figure 2D, E, and F. 

The evolution of the polder region has led to a very complicated system of 
boezems, polders, and drained lakes, in all of which the water levels can be con- 
trolled. Figure 3 shows the intricate pattern formed by these elements. 

POLBEK ADMINISTEATION 

The settlement of people in the low-lying areas depends on embankments and 
sluices, canals and waterways, bridges, and pumping stations. Through neces- 
sity, all these water works came into being. It is no wonder that hydi^aulic en- 
gineering in the Netherlands has reached an extraordinarily high level. Water 
and human society are so closely related that the whole complex is denoted in 
Dutch by one word — “Waterstaat,^’ a word without counterpart in other lan- 
guages. The system of laws and regulations that governs the Waterstaat is based 
on the Constitution of the Netherlands. Elections of the polder boards, raising 
of polder taxes, and passing of resolutions take place in the polders in the same 
way as in Dutch municipalities. There is also a mandatory supervision of the 
observance of the resolutions and rules of the polder districts. Farmers play an 
important part on the boards of most polder districts. 

WATER CONTROn IN BOEZBM AREAS 

As an example of water control in a boezem area, let us consider the Rijnland 
boezem. Most of the areas shown in figure 3 belong to this boezem. 

Rijnland covers 105,000 hectares, and its boezem waters have a surface of 3,700 
hectares. In Rijnland, there are 216 polders. The boezem waters, consisting of 
former streams, lakes, and canals, provide drainage and serve for inland water 
traffic. The boezem is so regulated that its level can be maintained within very 
narrow limits at 60 cm. below average sea level. 

Four powerful pumping stations along the borders of the boezem area take 
care of discharging the water pumped into the area by the 216 polders. During 
summer, water is let in from the main rivers to keep the boezem level constant 
and its water clean. In 1949, 650,000,000 cu. m. of water was discharged by pump- 
ing, and during the summer of that year, 300,000,000 cu. m. of water was let in. 
Special attention is given to the quality and to the salt content of the boezem 
water. 
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A. Map: 1. Kortenhoef polder, 2. Voorburgerpolder, 3. Donkervliet polder, 4. Vinke- 
veense polder, 5. Waterschap Groot Mijdrecht, 6. Mijdrechtse Droogmakerij , 7. Uitkoomse 
polder, 8. Thamer binnenpolder, 9. Noorder Legmeerpolder, 10. Hommeerpolder, 11. Stom- 
meerpolder, 12. Haarlemmermeerpolder, 13. Boezem land with small polders, 14. Noordzij- 
derpolder. 



B. Profile showing polders, canals, and dikes between Hilversum and Noordwijk. 
Fig. 3. Dutch Poldeb Countet Between Hilversum and Noordwijk 


WATER CONTROL IN POLBBRS 

The water level 

The low-lying and flat surface of the polder country has two important in- 
fluences on the control of the water level: the low situation makes pumping neces- 
sary, and the flat surface requires an almost constant water level. 
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At first glance, it would seem that absence of a natural slope would severely 
hamper rapid discharge of water. On the other hand, the expert will realize im- 
mediately that a flow of water from high to low soils, where it would cause wet 
conditions, need not be considered. 

A very important consequence of the horizontal surface is the equal depth of 
the water table below the surface of the land. This allows the water table to be 
kept at a level most suited to the requirements of the crops grown. This is an 
important feature of polder land. 

The most notable application of this feature is in the growing of flower bulbs 
on excavated dune soils. In this area, described in more detail elsewhere in this 
issue, man has not hesitated to excavate the high sandy dune soils until the 
surface of the land was parallel with the water table and at a distance above it 
most favorable for bulb growing. 





DEFrM OF water TAf5t.E 

Fig. 4. Relation Between Ceop Production and Gbound-Watbb Level 

1. Arable crops on clay soils. 2. Pasture on sandy soils. 3. Pasture on peaty soils. The 
curves are averaged over several years. 

Ever since modern pumping techniques brought the maintenance of a constant 
water level within reach, the influence of this level upon crop production has been 
given attention. Studies revealed that the optimal level for maximum crop pro- 
duction depends on soil conditions as well as on the crops grown. 

Soil with a low water-holding capacity, such as sand, requires a high w’ater 
table, whereas young calcareous clay soils are most productive with low water 
tables. Shallow-root crops, like pasture and most vegetables, require a higher 
water table than do arable crops that tend to develop a much deeper root system. 
In peat soils, 'where danger of subsidence has to be taken into account, a high 
water table is required. 

Figure 4 gives some examples of the relation between crop production and 
ground-water level. Observational data for these curves are being collected in 
rapidly increasing numbers. 

In a polder with an entirely flat surface, made up of a single soil type, and 
with one form of land use, these curves can be used directly for determination of 
the required water level. These conditions, of course, are but seldom met. There 
will nearly always be differences in elevation, in soil type, and often in land use. 



Fig. 5. Watee Level in the Bitches and in the Land Between Them in a Geassland 

POLDBE Dheing 1946 


many cases crop production can be raised by installing a system of tile drains to 
improve the flow of water between the land and the ditch. These tile drains will 
carry off excess water in winter, and if damage by drought is feared, they 
be used for subsurface irrigation during dry periods. 

Other activities besides crop production benefit from rigid control of the water 
level in the ditches. In most grassland polders the water-holding ditches replace 
fences. They also serve as watering places for cattle and in arable land as a source 
of water for sprays to control plant diseases. SprinkHng installations for vegetable 
crops grown under glass also withdraw water from the ditches. For several of 
these purposes, such as watering cattle and irrigating vegetables, the water in the 
ditches must be of high quality especially with regard to salt content. 


Maintenance of the water level 

During wet periods, the rainfall in the Netherlands, being of only moderate 
intensity, readily infiltrates into the soil and joins the ground water. Surface 


* Dutch polder ditches are about 1-2| m. wide and l-lj m. deep. In most grassland 
polders they are water-holding. In polders where arable farming is predominant the polder 
level is often so low that the ditches become dry in summer. 
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Then the water level must be kept at the height that will give maximum total 
crop production. The altitude of the surface, the distribution of the soil types, 
and the land use must be known, therefore, after which the optimal water level 
can be calculated from these data with the help of production curves for each 
case. 

If the differences in elevation, soil type, or land use within one polder are too 
great, the polder is divided into separate parts, each with its own water level. 

If the soil is of low permeability, as in many clay and peat soils, complications 
arise in maintaining good agreement between the water table and the water 
level in the polder. In that case the water table may be too high in winter and 
too low in summer, though the level of the polder water is kept constant. This 
discrepancy is illustrated in figure 5, showing these two levels for a grassland 
polder during 1946; the water table in summer falls far below the level in the 
polder ditches.^ Under these circumstances many polder boards will keep the 
water in the ditches at a higher level during sunomer and somewhat lower in the 
wet season. The effect of this change in water level is often negligible, but in 
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runoff occurs only if the structure of the topsoil is disturbed, as in the soils inun- 
dated by sea water during the war. In these soils, replacement of calcium by 
sodium in the exchange complex caused such deterioration of the structure that 
surface runoff resulted in some erosion, evidenced by gulleys along the borders 
of the parcels. 

Normally, however, the precipitation joins the ground water and flows through 
the soil to the polder ditches. This flow is usually promoted by small field ditches 
or tile drains. The polder ditches carry the water to larger waterways or canals, 
from which it is pumped into the boezem by one or more pumping stations. 

The high ground-water level in the polders and the flat surface of the land re- 
sult in low water-storage capacity of the soil. The rainfall must be drained off 
quickly to prevent waterlogging. This requires a finely branched network of 
ditches and canals, which must be large enough to enable rapid flow from the 
parcels to the pumping station. The size of the waterways is especially important 
because the hydraulic head available for water transport is very small, in many 
instances no more than 1 or 2 decimeters over a distance of many kilometers. 

As a consequence, innumerable ditches have been dug in reclaiming the low 
areas of the Netherlands. It is estimated that in the 1,000,000 hectares of low 
country 250,000 km. of ditches have been dug. In most grassland polders these 
ditches are still in existence, but in polders with arable land many of the smaller 
ditches have been replaced by tile drains, the main ditches left being 100-300 m, 
apart. New polders, like those being made in the Zuiderzee, have main ditches 
250-300 m. apart. 

The layout of a polder in its simplest form is illustrated in figure 6. The ditches 
in this rather recently reclaimed lake polder discharge into lateral or main canals, 
which carry the water to the pumping station. Halfway between these canals 
roads were constructed, with farms located along them. This regular pattern is 
found in polders made during the last four centuries. The layouts of former re- 
clamations in the low country are more irregular. The course of roads and water- 
ways in these polders depends largely on the outlines of the areas, which are often 
irregular. In the new Zuiderzee polders a compromise between the two systems is 
aimed at. In these, serious consideration is given to land-use planning. 

The same water-carrying capacity per unit of surface is provided for all systems 
through which the precipitation must pass: field ditches or tiles, polder ditches, 
canals, and pumping stations. As already mentioned, rainfall during the wet 
season may be as high as 30 mm. a day. It is not necessary, however, to install 
pumping stations of this capacity, as no haim will be done by a too high level for 
a day or two. The experience of many centuries has shown that for the conditions 
in the Netherlands a water-carrying capacity of 8-12 mm. a day or LO-1.4 liters 
per second per hectare will be suflScient to avoid serious and prolonged rise of the 
water table above the level fixed. In determining the water-carrying capacity 
(per unit of surface) of a pumping station, the size of the area that must be 
served is given little consideration. Most of our polders are too small to allow a 
reduction for local showers. More attention is given to the region and its typical 
rainfall frequency. 
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Table 1 gives the daily precipitation, the amount of water pumped out, the 
level in the polder ditches, and the water table for a grassland polder during a 
period of rather heavy rainfalL 



Fig. 6. Map of a Rather Recently Reclaimed Lake Polder 


TABLE 1 

Precipitation j discharge of water, water levels in ditches and in land measured in a grassland 
polder* during a period of rather heavy rainfall in December, 1949 


DATE 



1 

2 

3 4 

5 

6 1 8 9 

10 11 

12 

13 14 

IS 

Precipitation. .... mm. 

0.2 

0.0 

3.526.5 

1.4 

7.01.3 0.519,0 

2.3 0.6 

0.0 

0.30.3 

0.0 

Discharge of water . . .mm. 

2.7 

2.2 

6.0 O.Ot 

9.4 

9.49.4 9.4 9.4 

9.20.0t 

5.6 

3.92.8 

2.4 

Water level in ditches f. . . 

57.5 



33.0 

-~'~-57.0 — 

— 

56.5 

— — . 

71.5 

Ground-water level J. . . . . . 

41.5 

■ 


27.5 

— —29.5 

— — 

37.5 


50.0 


* Yeendijk polder, Province of Utrecht. 
t Gr®nerally no water is pumped out on Sundays. 

t In centimeters below N.A.P. (a standard level, about as high as mean sea level). The 
altitude of the surface of the land is about 20 cm. below N.A.P. 


As the polder levels are generally below the level of the boezem to which they 
belong, maintenance of these levels in summer is easy. As long as boezem water 
of good quality is available in sufficient quantities, water can be admitted from 
the boezem. The conditions mentioned are often the bottleneck of water control, 
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as the salt content of many boezem waters becomes too high in summer as a result 
of limited supplies of fresh water. 

THE SALT MENACE 

The sea with its salt water is a permanent menace to the part of the Nether- 
lands close to it and lower than average sea level. Though the problem of keeping 
the water out has been almost entirely solved, the intrusion of salt is still a serious 
threat to Dutch agriculture. Salt water from the sea is gradually penetrating into 
the lower courses of the main rivers and has already reached inland 30 km. 

Moreover, the shipping locks at the coast bring large quantities of salt water 
into the inland waters every time a ship passes through. The great locks of 
Ymuiden, connecting the port of Amsterdam with the North Sea and providing 
a passage for the largest ships, form the greatest entries for the salt. They pollute 
the inland waters with 2,300 tons of salt eveiy time a ship is locked through. 

Other, less obvious entries for the salt are formed by the Pleistocene sand layers 
in the subsoil, a formation about 200 m. thick in this area and highly permeable. 

These sand layers are covered by relatively thin Holocene formations of clay 
and peat. As the polders, especially the lake polders, lie below mean sea level, 
the sea water has a tendency to seep through the Pleistocene subsoil toward the 
low polders and upward through the Holocene cover, a movement that is kept 
within bounds only by the low permeability of the Holocene layers. Without 
these layers, the lake polders would be uninhabitable. 

Ever since this became known, experts have been anxious to prevent any pene- 
tration of the Holocene layers, though formerly many faimers sank deep w^ells 
into the Pleistocene sand to obtain for their own use the marsh gas that came up 
with the well water. These gas w^ells are still bringing much salt into the polder 
waters, but they are gradually being closed off. 

The salt penetrating into the boezem and polder w^aters must be forced back 
again. Large quantities of fresh water are required for tins purpose in summer. 
The main rivers, especially the Rhine, are the only sources available in this period. 
Large-scale use of their water is impossible. Not only would it facilitate penetra- 
tion of salt from the sea into their lower courses, but their importance for naviga- 
tion prevents withdrawal of much water during summer. 

The only remedy for this situation would seem to be construction of storage 
basins from which water stored in winter may be used in summer. In general, a 
jSat country like the Netherlands offers few possibilities for storing water, but 
the former Zuiderzee, now separated from the North Sea by a 30-km. dam, may 
play an important part in this respect. 

A large part of this Ijsselmeer, as it is now called, is being reclaimed, but after 
the reclamation works are finished, there will still be about 125,000 hectares of 
fresh water being fed by the river IJssel, one of the branches of the Rhine. 

This lake has already done much to eliminate salt from the boezem waters of 
the northern provinces of Friesland and Noord-Holland. It is hoped that the 
Ijsselmeer will be developed into a reservoir to meet all future demands for fresh 
water north of the main rivers. At present, the storage capacity of this lake is 
small, as the level is kept at very nearly the same height throughout the year. 
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FURTHER DEVELOPMENT OP WATER CONTROL 

Large projects are now being planned to improve water control during the 
summer months. In many districts subsurface irrigation will eliminate the dis- 
crepancy between the ground-water level and the water level in the polder ditches 
and will increase crop production. This extension of subirrigation works, how- 
ever, will make still higher demands on the quantities of fresh water needed. 
Agricultural and hydraulic experts are cooperating in a program of research set 
up on these subject. 

The Dutch, having succeeded in making their low delta areas habitable by the 
discharge of water, are now aiming at the optimal use of the water available to 
them. 
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TILE DRAINAGE AND SUBIRRIGATION^ 

S. B, HOOGHOUDT 

Landbouwproef station en Bodemkundig Institut Groningen 

From the preceding paper in this issue it is clear that the topography and the 
climate of the Netherlands necessitate a permanent struggle to keep out water, 
on the one hand, and to supply water on the other. That paper deals with control 
in open waterways (main drainage) ; this paper deals with the corresponding tile 
drainage and with subirrigation. 

The ground-water level of much of the Netherlands is high. In many regions 
it is at a depth of 0.5 m. in winter and of 1 to 1.5 m. in summer. A considerable 
part of the Netherlands, it must be remembered, is below sea level (fig. 1). In 
the higher sandy areas in the east the water table is several meters deep in many 
places, and in the loess soils of southern Limburg, more than 100 m. above sea 
level, it is more than 10 m. deep. 

About 1845, mechanical tile-making in England paved the way for the appli- 
cation of tile drainage for land improvement on a large scale. In the Netherlands 
the first tiles were laid in 1852. Subirrigation was started much later, about the 
1920’s. Since then, the drained regions have been extended considerably (fig, 2). 
Subirrigation has made much slower progress. 

A comparison of figure 2 with Edelman’s new soil map of the Netherlands (5) 
shows that tile drainage has been applied almost exclusively to the heavier soils. 
Subirrigation, on the other hand, is used mainly on sandy soils, though peaty 
and even clayey soils (grassland) are now being subirrigated. Arable land, espe- 
cially, is tile-drained; grassland, as well as some horticultural land, is subirrigated. 
This is because arable land is less subject to drought than is permanent grassland, 
though grassland should not be too wet in spring. 

It follows that tile drainage and subirrigation are closely related and therefore 
can be best discussed together.® Both aim to control the ground-water level, but 
in opposite directions (fig. 3). Tile drainage and systematic subirrigation are not 
necessary with open waterways (usually ditches 100 to 300 m. apart), provided 
the soil is sufficiently permeable to an adequate depth. For subirrigation, the 
level of the ditches should be raised to about 40 cm. below the surface. For good 
drainage, the water level should generally be lower than 1 m. Where the perme- 
abihty of the soil is low, tile drainage or systematic subirrigation will be necessary. 
In the Netherlands,^ tile drainage, mole drainage, and trenching by means of 
shallow ditches are used, the last almost exclusively for subirrigation. In subir- 
rigation, the level of the trenches and of the ditches into which the tiles or the 

1 The types of subirrigation discussed are known in the U. S. A. as natural subirrigation 
(by means of trenches) Sknd artificial subirrigation (by means of lines of tile) . 

2 Agricultural Experiment Station and Institute for Soil Research, Organization for 
Applied Natural Sciences. 

3 Qther methods applied sometimes, such as flooding and sprinkling irrigation, are not 
discussed here. 
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moles issue, is lowered in autumn, winter, and spring, so that the system can be 
used for drainage. This lowering of the level is also necessary sometimes in wet 
periods during summer to prevent excess water. 

Tile drainage as well as subirrigation is controlled especially by the following 
factors: (a) surplus rainfall (drainage) or shortage of water (subirrigation), (b) 
optimum ground-water level in relation to the crop cultivated, (c) permeability 
of the soil and the depth at which this is a negligible factor. 



KELATION TO PRECIPITATION TO WATER CONTBOIi 

In the Netherlands, rainfall, which is distributed rather regularly over the 
year, exceeds the sum of evaporation and transpiration. The difference, that is, 
the surplus rainfall, must be carried off, especially from November through 
February when evaporation and transpiration are both very low. The surplus 
rainfall is usually less than 5 mm. a day and scarcely ever more than 10 mm. 
Tile drainage is necessary when this quantity of water cannot be removed di- 
rectly through the soil to the open waterways. 

From May to August the sum of evaporation and transpiration exceeds the 
rainfall. The difference, 100 to 200 mm. depending on the rainfall, is withdrawn 
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from the soil by the crops. Crops may suiBfer from drought when the water-holding 
capacity of the soil is insufficient. This occurs in the Netherlands in the lighter 
soil profiles and at low ground-water levels. If these levels are high enough or can 
be kept so by means of subirrigation, no bad effects from drought are experienced. 
In this case a sufficient amount of water is supplied to the crops by capillary rise 


(? 



Fiq. 2. Regions of the Netheelands with Tile Drainage and Percentages of the 

Soils Drained 

from the ground-water level. The water supply needed for subirrigation may be 
estimated at 4 mm. a day for about 100 days, from the middle of May until the 
end of August. 

Without subirrigation, water is withdrawn from the soil in summer. With de- 
creasing evaporation and transpiration in autinnn, this water must be replaced 
before surplus rainfall occurs. The tiles begin to carry off water generally late in 
autumn. 
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Fig. 3. Schemes oe Tile Drainage (Top) and of Subirrigation (Bottom) 


Ir view of the mutual relation of the two systems, the lines of tile are supposed to dis-^ 
charge below the water level. 

EELATION BETWEEN GROUND-WATER BEVEL AND CROP YIELD 

The primary purpose of drainage is to prevent too high ground-water levels in 
winter and spring, and that of subirrigation is to keep these levels sufficiently 
high in summer. The presence of adequate moisture in the soil layers containing 
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crop roots and, at the same time, sufficient aeration of the soil are important 
plant-growth needs which, in the Netherlands, are best met by control of the 
ground-water level. 

To determine the optimum ground-water level is a complicated problem, for 
one has to cope with normal variations in the level during the year — high in 
winter, decreasing in spring and summer, rising again in autumn — ^and also with 
the influence of temporary periods of rain and drought. Moreover, the effect of 
the ground-water level may vary for different crops, such as winter and spring 
cereals and root crops. 

The problem can be solved by two methods: (a) by providing, in the soil of 
an experimental field, different ground-water levels that are constant during 
longer or shorter periods; (b) by determining statistically by measurements on 
many fields under different conditions the effect of the ground-water level on 
crop yield (6). In this case the average ground-water level in a certain part of 
the growth period is usually correlated with the yield, the variation of this level 
being taken into account. 

To give some idea of what is known about this problem, the year is divided 
into two parts, namely, summer, or the actual growing period, and the rest of 
the year. 

Generally, a low ground-water level in autumn, winter, and spring will have 
no detrimental effect on soils and crops. This does not hold for some peaty soils 
which show shrinking or irreversible dr 5 dng at too low ground-water levels. 
Moreover, on some soils it may be useful to store water for the crop in summer 
by maintaining the highest justified level in winter. 

About 70 years ago drainage in the Netherlands left much to be desired. A 
high ground-water level used to occur in autumn, winter, and spring, and many 
soils contained excess water, leading to poor structure, especially of clay soils. 
This is no longer generally true, as soil structure has greatly improved. Common 
practice now is to keep ground-water levels of clay soils as low as possible. 

It remains to be seen, however, whether a high water level, especially in winter, 
affects later crop growth if the level does not rise into the topsoil. Investigations 
on a water-level trial field, which are discussed later, have shown that the crop 
yield obtained at a ground-water level kept at 40 cm. below the surface from 
November to March and followed by a decrease to 120 cm. below the surface 
was not significantly lower than the yield obtained at a water level kept at 120 
cm, below the surface during the whole year. A similar result was obtained in 
the Northeastern Polder, an enclosed Zuiderzee polder. Admittedly, information 
on the maximum water level allowable during winter is still inadequate. The 
general recommendation is that drainage is adequate if 5 mm. of surplus rainfall 
can be carried off without raising the ground-water level higher than 50 cm. 
below the surface. 

The foregoing comments apply not only to arable land but generally also to 
grassland, which requires less drainage. Grassland in the Netherlands, therefore, 
is usually not tile-drained. 

Obviously, in spring a lowering of the ground-water level is advisable in view 
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of the increasing root development of the crops. In summer the most desirable 
water level depends more on soil condition and profile. 

For arable land important data have been obtained on a ground-water level 
trial field on heavy clay soil at Nieuw-Beerta (11). This field has been divided 
into five strips, 86 by 25 m., on each of which the ground-water level can be kept 
constant, within a few centimeters, to a different depth (40, 60, 90, 120, and 150 
cm.). This is attained by means of tile drains only 2 m. apart that discharge below 
water level into deep sewers in which the desired water levels are maintained by 
small weirs. This is accomplished by drainage in winter and by subirrigation in 
summer. On three plots crossing the five strips three different crops are grown 
annually in the usual crop rotation. 

During the first 7 years the ground-water levels were kept constant all year 
at the five depths mentioned. In the first 5 years no differences were noted in till- 
ability and structure of the soil. After this, the 40-cm. strip and, to a lesser de- 
gree, the 60-cm. strip showed a more compact and sticky topsoil. On the other 
three strips the structure had not deteriorated. On all strips, germination and 
growth of winter and spring crops were the same until a certain time, usually late 
in spring, when differences were noted especially with cereals and peas. On the 
40- and 60-cm. strips, the crops yellowed. Later, those on the 90-cm. strip were 
similarly affected. On the 120- and 150-cm. strips, normal, healthy color was 
maintained. On the strips with the highest ground-water levels, the crops ripened 
sooner and the yield was lower. The cause of yellowing and decrease in yield is 
partly nitrogen deficiency. With increasing depth of the water level, the increase 
in yield was great at first but later became smaller. 

Other crops, like beans, rape seed, and caraway seed, showed less yellowing or 
none, but usually the yield was higher at the lower water levels. 

During the last few years the ground-water level on the 60-, 90-, and 120-cm. 
strips has been kept at 40 cm. from November to March and at 60-, 90-, and 
120-cm. for the rest of the year. For the most part, growth and yield of the crops 
appear to have been unchanged by this measure. The higher water level during 
winter, therefore, proved not to have been injurious. This experiment is being 
continued to determine whether the soil structure will eventually be affected by 
tliis treatment. 

Table 1 shows the yields of winter wheat on this field. The maximum 3 deld has 
not yet been reached. 

At an insufl&cient water-holding capacity, an optimum ground-water level oc- 
curs. A case in point on sandy loam was placed at the author's disposal by W. 
C. Visser. The statistical method was used, taking into account many plots on 
this soil type showing a great variation of ground-water level. Figure 4 shows 
experimental results of the effect of different water levels on the yield of potatoes. 

In most Netherlands soils, the water level in spring is too deep to fit the rising 
curve (fig. 4) for decreasing water levels. Another case is dealt with in table 2. 
This is concerned with oats on sandy soils having an upper layer rich in humus 
of different thickness underlain by sandy subsoil of var 3 dng degrees of fineness, 
expressed by ?7-number, or specific surface. The thickness of the humus layer 
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TABLE 1 

Effect of ground-water level on yield of winter wheat 
Grain and straw in kgm. per 100 sq. m. 


DEPTH OP GROUKD-WATEE EEVEL (CM.) 



Grain 

Straw 


40 

60 

90 

120 

150 

40 

60 

90 

120 

150 

1947-48* 

19.8 

27.3 

31.9 

36.5 

41.9 

43.1 

53.1 i 

60.8 

70.6 

78.2 

1949-50t 

31.3 

37.6 

42.5 

45.8 

51.3 

57.5 

64.3 

73.8 

76.5 

89.9 


* Ground-water level constant throughout the 

t Ground-water level on theOO-, 90-, and 120-cm. strips, 40 cm. from November to March; 
at original depths for the rest of the year. Other strips kept at original depths all year. 



Fig. 4. Relation of Yield of Potatoes to Depth of the Geound-Water Level (Left) 
AND TO Oscillation of the Level (Right) 

TABLE 2 


Effect of thickness of sandy humus layer and of specific surface of sandy subsoil on optimum 

ground-water level of arable land 


SPECIFIC SUSPACE (Z7) or 
SANDY SUBSOIL 

DEPTH OF WATER LEVEL 

Humus layer 
20-40 cm. 

Humus layer 
41-60 cm. 

Humus layer 
61-80 cm. 

Humus layer 
81-100 cm. 


cm. 

cm. 

cm. 

cm. 

40-70 

90 

no 

130 

150 

71-80 

100 

120 

140 

160 

81-100 

no 

130 

150 

170 


and the fineness of the sand are the factors dealt with statistically. Table 2 shows 
the water levels at which the depression in 3deld caused by water shortage does 
not exceed 10 per cent. The ground-water level at which this depression occurs 


42 


S. B. HOOGHOUBT 


is lower the thicker the humus layer and the greater the [/-number of the under- 
lying sand, that is, the finer the sand. 

Permanent grassland probably does not show a maximum water level, but 
only an optimum for all soil profiles, even those of the heaviest clay. According 
to ’t Hart (7), growth of grass of varying productivity in 3 years under different 
weather conditions and on clay, peaty, and sandy soils, reached a peak in May. 
This was followed in all cases by a decrease. In the latter part of summer, growth 
again increased. Productivity in summer appeared to be relatively low. To sup- 
port as many cattle as possible and to increase their milk production, it is desir- 

TABLE 3 


Effect of subirrigation on yields per hectare of grassland and of arable land 




SUBIERIGATED 

NOT SUBIRRIGATED 

Grassland 




Hay (two cuttings) 


7,100 

3,900 

Grazing 

days 

1,110 

780 

Arable land 




Winter wheat (grain) . . . 

kgm. 

3,920 

! 3,630 

Rye (grain) 

kgm. 

3,525 

3,510 

Spring wheat (grain) . . . 

kgm. 

2,820 

2,275 

Spring barley (grain) . . . 

kgm. 

3,095 

2,740 

Mangolds (roots) 

kgm. 

87,700 

81,600 

Potatoes (tubers) 

kgm. 

35,900 

35,800 


TABLE 4 

Effect of thickness of sandy humus layer and of specific surface of sandy subsoil on optimum 

ground-water level of grassland 


] 

SPECIFIC SURFACE (U) 

OF SANDY SUBSOIL 

DEPTH OF WATER LEVEL 

Humus layer 

20-30 cm. 

Humus layer 

31-40 cm. 

Humus layer 

41-60 cm. 


cm. 

cm. 

cm. 

40-60 

85 

100 

100 

61-75 

100 

115 

115 

76-90 

100 

1 115 

115 


able to increase the yield of grass, especially in summer. For this purpose more 
water must be made available, though the decrease in grass yield is due to other 
factors also. Additional water is generally supplied by subirrigation, the necessity 
for which increases as the water-holding capacity of the soil decreases. 

The influence of subirrigation on yields of grassland and of cultivated crops is 
shown in table 3. 

Table 4 shows the effect on optimum ground-water level of permanent grass- 
land on sandy soil with humus layers of varying thickness and with underlying 
sand of different degrees of fineness. The table indicates the water levels at which 
decrease in yield will be not more than 10 per cent below the maximum. 
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That permanent grassland on a sufficiently permeable clay soil also may suffer 
from drought in dry periods when the ground-water level is 1 or more m. below 
the surface has been demonstrated. In this case subirrigation was by mole chan- 
nels (7 cm. in diameter) 50 cm, below the surface discharging below the ditch- 
water level. The ground-water level on the subirrigated part was 40 to 45 cm., 
on the nonsubirrigated one more than 1 m. The great differences in yield are 
shown in table 5; rainfall in June, July, and August had been below average. 

Serious drying out of grass on these soils is due to the so-called ^'nut^^ structure 
in the layer 15 to 40 cm. below the surface. This adversely affects deep root de- 
velopment and prevents capillary rise of water from deeper layers. 

On clay soils of otherwise excellent quality, damage may result from heavy 
fertilization and intensive use of grassland, leading to trouble from drought, 
stagnation, or at least decreasing growth. When production is very high (10,000 
kgm. of milk per hectare), this sort of clay soil shows an optimum ground-water 
level, which does not occur with a normal yield of 5,000 kgm of milk. These soils, 
therefore, have a maximum water level for normal yields. 


TABLE 5 

Effect of subirrigation on yield per hectare of grassland on clayey soil 


DATE OE MOWING 

TIEID OF FRESH GRASS 

Subirrigated 

Not subirrigated 


kgm. 

kgm. 

August 5 

15,600 

1,800 

September 10 

18,600 

3,600 

November 11 

10,800 

6,300 


Apparently, then, the ground-water level, which depends on the soil profile 
and the ditch-water level, should be raised during the growing season. The op- 
timum ground-water level, the ditch-water level, and the quantity of water re- 
quired daily (about 4 mm. on grassland in dry periods and probably somewhat 
less for arable crops) are the fundamental data for calculating the necessary dis- 
tance of the subirrigation tiles and trenches. 

RELATION OF SOIL PERMEABILITY TO WATER CONTROL 

If the required conditions for tile drainage or subirrigation are known, the dis- 
tances between the lines of tile can be calculated, provided some other factors 
also are known. The problem has been reduced to the water flow in the soil (2, 
3,10). 

The other factors that must be known are the permeability of the soil and the 
depth to which the soil retains this permeability. In soils that are homogeneously 
and isotropically permeable to a great depth, the intensity of flow to deeper 
layers decreases. Calculations have shown that the permeability of the soil is of 
no importance at a depth exceeding one fourth the distance between the tiles 
or the ditches in the drainage or subirrigation systems, since the flow from or to 
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these systems at this depth is negligible. For example, if the tile drains are 10 m. 
apart, soil permeability at a depth of more than 2.5 m, below the tiles can be 
disregarded; if there is an impermeable layer nearer to the surface, the position 
of this layer must be determined. 

If the impermeable layer is relatively close to the surface in comparison with the 
distance between tiles and ditches, the product of the permeability coefficient 
and the thickness of the permeable layer indicates the ^^conductivity for water” 
of the soil. In cases of equal permeability, this conductivity decreases as the level 
of the impenneable layer rises in the profile and the required distance between 
the tile drains consequently decreases at the same rate. 

The calculations become more difficult if the soil, because of differences in the 
permeability of the profile, is not homogeneously peimeable. Nevertheless they 
can be made. 

It follows that it is important, for determining drainage as well as subirriga- 
tion, to know the permeability of the soil, the rate at which it changes in relation 
to depth, and the depth at which it may be disregarded. 

Apart from sandy soils with a 16 fraction not exceeding 5 per cent, there are 
no methods for determining the permeability coefficient of the whole soil profile. 
Consequently, it is not yet possible to calculate the exact drainage distance re- 
quired for other soils. There is a field method for determining the permeability to 
a depth of 2.5 m. below the surface, that is, to about 1.5 m. below tile drains set 
at a depth of 1 m. Nothing is known about permeability at a greater depth, al- 
though the kind of soil may provide some clue. 

If the permeability is low and consequently the distance between the lines of 
tile is small, it may be safely assumed in computing the drainage distance that 
the soil retains the same permeability to a depth equal to one fourth this distance. 
If the permeability is high, this assumption is not valid because of the com- 
pression by overlying layers. In this case it is supposed that the soil retains its 
permeability to a somewhat greater depth than that to which permeability has 
been deteimined (rounded off to J m.). Below this level, the soil is supposed to 
be impermeable. If the drainage distance is based upon this supposition, and if 
the soil actualb^ is impermeable to the assumed depth, a condition rarely found 
in the Netherlands, the distance will be correct. If the soil remains permeable to 
a greater depth, the computed drainage distance is too small and consequently 
is safe. The computed distance figure is rounded off upward. To-day, drain dis- 
tances are indicated satisfactorily by this method. 

DETERMINATION OF SOIL PERMEABILITY 

The definition of ^permeability” is based on Darcy’s law, in which the perme- 
ability coefficient represents a layer of water at a definite temperature flowing 
per unit of time through a section in the soil perpendicular to the direction of 
flow, if the hydraulic gradient is equal to 1. At a definite ground-water tempera- 
ture, and consequently at a definite viscosity of the water, this law can be ex- 
pressed by the following formula: 

F = I = K ^ = KI 
F I 
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in which Q represents the quantity of water per unit of time flowing through a 
column of soil of length I (in the direction of the current) and cross section F, 
if the difference in pressure of the water at both sides of the column is equal to 
Ap. I gives the hydraulic gradient and F the quantity of water flowing through 
the column. If this difference in pressure, Ap, is expressed in a column of pure 
water, I has no dimension. The permeability coeflScient K is equal to F if J = L 
According to this definition, the permeability coefficient has the dimension of 
U~‘^, Usually this is expressed in meters per 24 hours. 

For structureless sandy soils this determination is based on a direct application 
of Darcy’s law, whereby all factors will be deteimined or are known and conse- 
quently can be computed (8). If the soil in a natural situation has a pore volume 
different from that during the determination and if the ground water has a 
different temperature, then the individual factor must be adjusted accordingly. 
This determination of permeability has but little significance for computing the 
distance between the lines of tile, since sandy soils rarely require systematic 
drainage. The distances between tiles or moles of the subirrigation system are 
usually determined by means of experimental fields. 

In other soils the permeability of which is determined by cracks and by root 
and worm holes instead of by pore spaces between the soil particles, the auger- 
hole method is used. In a vertical auger hole extending below the ground-water 
level, the velocity at which the water rises after the hole has been drained de- 
pends upon the permeability of the soil. If the relation of the velocity of rise, the 
permeability coefficient, and the other factors influencing this velocity is known, 
the permeability coefficient can be computed. 

This method determines only the peimeability of the soil below the ground- 
water level. In the main, it determines the permeability of the layer between the 
water level in the hole, that is, ground-water level, and the bottom of the hole. 
^The radius of the column of soil around the auger hole, the permeability of which 
is measured, is relatively small, about 0.5 m. 

The auger-hole method, originated by Diserens (4), was improved by the 
author (9, 10) and by Kirkham (12), Van Bavel (1), and Ernst. 

As this method measures the permeability of only a small column of soil, it is 
necessary to repeat the determination on several spots, preferably five or six per 
hectare, unless large areas are under investigation. To determine the changes in 
permeability in relation to depth below surface level at these spots, holes of 
different depths at distances of 1 to 2 m. are bored on every plot. 

The permeability varies from 0.1 m. per 24 hours in the finer sands to more 
than 30 m. in the coarse river sands. That of peaty soils ranges from 0.01 to more 
than 10 m. Phragmites peat is sufficiently permeable; sphagnum and carex peats 
are often much less permeable. In Dutch clay soils the variation is from 0.01 m. 
to more than 30 m. per 24 hours. Some clay soils have a better permeability than 
coarse sandy soils. 

DETERMINATION OF LAYOUT OF DRAINAGE AND SUBIRRIGATION SYSTEMS 

For systematic drainage, the drainage distance, in practice, is often based on 
results with similar soils. Sometimes special experimental fields are laid out. This 
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is necessary if the soil before being drained has a high moisture content and is 
seriously desiccated by drainage and cultivation and if the pemeability increases 
as a result of cracking, as in newly reclaimed clay soils. Sometimes the perme- 
ability varies so much from spot to spot that no average permeability coefficient 
can be determined, as in very young heavj^ marine clay soils. Drainage recom- 
mendations are being based more and more commonly and with satisfactory re- 
sults on permeability determinations. The minimum applied drainage distance 
is about 7 m. The maximum distance is defined by the distance between the 
ditches. In this connection, a plot is not drained if the required drainage distance 
exceeds half the distance between the ditches. 

When special experimental fields are used to determine distances for the sub- 
irrigation systems, the required ditch and ground-water levels as well as the most 
practical means of execution are deduced from the results, 

PEACTICAL OPERATION OP TILE DRAINAGE AND SUBIRRIGATION 

Drainage 

Systematic drainage was formerly executed by means of trenches. Nowadays, 
tile drains are most common, though sometimes moles are used. The advantages 
of tile and mole drainage over trenching are easier cultivation of the land, no 
loss of land, and less weed development. Trenching is sometimes practiced for a 
few years when the soil is very wet, is low in permeability, and is insufficiently 
cleared of salt, as in newly reclaimed heavy clay soil. In time, the drains may 
become inactive or blocked. Tile drainage is then applied as soon as the soil is 
sufficiently dried and cleared of salt. 

Since the regions needing systematic drainage are intersected by ditches, sim- 
ple drainage is usually applied rather than compound drainage, that is, primary 
and secondary lines of tile. In simple drainage, each row of tile discharges directly 
into a ditch. The advantage of this system is that the efficacy of each tile line can 
easily be verified. Moreover, the construction is simple. When lines of tile become 
inactive, they can easily be cleared by passing through them poles on which 
rubber disks have been fixed, followed by washing. 

Unglazed brick tile 30 cm. long and with an inner diameter of 5 cm. and an 
outer diameter of 7 cm. are used. The drainage distance generally does not exceed 
30 m. Only in compound drainage systems does the diameter vary according to 
the amount of water to be discharged. 

The drain tile are sometimes flanged. Although more expensive than tile with- 
out flanges, they can be joined more securely. They are used especially in soft 
soils, such as peaty or clay soils with soft layers at drainage depth, if there is risk 
of local displacements due to unequal settling of the profile. 

The lines of tile are generally 100 to 150 m. long. They may be laid horizontally 
and discharge below the water level in the ditches, though usually they slope 
about 10 to 20 cm. per 100 m. and discharge above the water level. The sloping 
tile lines do not become blocked so quickly as the horizontal ones, for the silt ac- 
cumulation cracks during summer and is more readily removed by subsequent 
water flow. Moreover, the sloping lines are more easily laid. Their nearness to 
the surface is a drawback only where ditch-water levels are high. 
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The depth of the tile lines is determined by the ditch-water level during winter. 
This depth varies from 80 to 150 cm. below the surface. 

Few data on the length of period of performance are available. In some places 
the tile lines function satisfactorily for more than 50 years. In other places, they 
become blocked after 1 or 2 years and have to be cleared. It is assumed that 
well-laid tile continue to function for 25 years on an average. 

The lines of tile usually are laid in trenches dug by hand. In the reclaimed 
polders of the former Zuiderzee, mechanical excavation is practiced. After the 
bottoms of the ridges have been given the correct slope, the tile are laid. To 
prevent soil particles from penetrating into the tile, a thin layer of filtering ma- 
terial is sometimes deposited on the tile or around them. Frequently, coarse peat 
dust is used. On this, a thin layer of topsoil is deposited. Then the ridge is filled 
with the original soil. To maintain the permeability of the soil in the ridge, espe- 
cially where permeability is low, lime is commonly applied during the filling if 
the pH is low. 

Subirrigation 

For systematic subirrigation of grassland, trenching to a depth of 60 to 80 cm. 
is most common, although use of lines of tile or mole channels is increasing, espe- 
cially in peaty and clay soils. For horticultural use, subirrigation with tile is most 
common, especially on sandy soils. In clay and peaty soils, mole channels are 
more commonly used for subirrigation than for systematic drainage. This is be- 
cause shallow mole channels are more satisfactory for subirrigation than for 
drainage. Moreover, mole channeling is much cheaper than tiling even if new 
channels have to be made every 2 years. 

The depth of the tile lines or channels, 40 to 60 cm., for systematic subirriga- 
tion is less than that for drainage. The lines of tile or mole channels are always 
horizontal and discharge below the water level in the ditch. 

In the Netherlands, considerable variation in the weather affects the time at 
which subirrigation in spring should be started. During hot, dry spells in summer, 
a ground-water level that will be too high during subsequent wet spells may be 
desirable. A high ground-water level in clay soils during the whole period of sub- 
irrigation is not desirable (11). It seems preferable to moisten these soils by a 
high ground-water level for short periods, followed by periods of low ground- 
water level. 

In special cases, it is possible to subirrigate by raising to a suflScient height the 
water level of brooks in elevated, slightly sloping, but comparatively flat, sandy 
land. If the water level of the brook is raised early in spring, the winter water is 
stored and produces a higher ground-water level. The result of this rise will he 
better if the water level of the ditches is raised at the contour lines. These ditches 
discharge water into the brook at some distance upstream from the weirs. The 
effectiveness of this measure has been determined both by experiments and b}^ 
calculations based on the permeability of the soil profile down to the impervious 
layer and by other tests. 
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RECLAMATION OF HEATHLAND AND ITS CULTIVATION 

J. A. ESHUIS 

Nederlandsche Heidemaatschappijy'^ Arnhem 

More than half the soils of the Netherlands consist of peat and sand, which 
are naturally infertile. Another article in this issue deals with the reclamation 
of peat soils. The farmland on sandy soils has been acquired by reclamation of 
forest and heath. 

Reclamation of heath was impossible before the introduction of chemical fer- 
tilizers. Though no reliable statistics are available on the extent of heath rec- 
lamation, it is safe to say that during the last 120 years the area of heathland has 
decreased by about 500,000 hectares. Only about 100,000 hectares of heathland 
remain in the Netherlands. Reclamation of this land is virtually at an end, as 
the small areas left must be reserved for scientific, recreational, or military use. 

In general, the heaths are classified as high, medium-high, and low heathlands. 

PEDOLOGY, VEGETATION, AND MOISTIJKE EELATIONS 

High heathland 

The soils of the high heathlands are strongly podzolized. Below the heather 
sod, which, as a rule, is 5 to 8 cm. thick, lies a layer of bleached sand (A horizon) 
of varying thickness. This is underlain by an iron-humus pan (B horizon), 
which is usually only about 10 cm. thick, rather poorly developed, not very hard, 
and of a mottled brown. In many places it is an iron pan with a low humus 
content; in other places, however, a humus pan occurs together with an iron 
pan. This B layer is better developed, thicker, and more reddish in the coarser 
sandy soils than in the fine sands. Below the pan lies the original sand (C horizon). 

The vegetation usually consists of a poor growth of Calluna vulgaris with 
scattered Juniperus communis and Pinus sylvestris. 

In winter the water table may occasionally rise to within 80 cm. of the surface, 
but generally the highest water levels lie at a far greater depth. In summer, the 
ground-water level will fall to a depth of several meters. 

The water relations of these soils are very poor, not only because of the low 
water table, but also because of the very poor moisture-holding capacity of the 
topsoil. The crops grown on these soils after reclamation often suffer from lack 
of moisture. 

Medium-high heathland 

The soils of the medium-high heathlands are less strongly podzolized than 
those of the high heathlands. The sod of the heather growth is 8 to 12 cm. 
thick and generally is stiff and tough. It is underlain by a layer of bleached 
sand, which, in turn, is underlain by a thoroughly developed iron-humus pan, 
normally 20 to 25 cm. thick. This pan is reddish brown and very hard. In pro- 
files lying on slopes, it is cemented. 

^ Dutch Heath Reclamation Company. 
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The surface is covered with a dense growth of Calluna vulgaris together with 
some Erica tetralix and a little gray Corynephorus canescens. 

The highest water levels in winter are only about 50 cm. below the surface; 
in summer the water table falls markedly. 

The water relations of these soils are not very good. Although the water-hold- 
ing capacity of the topsoil is better than that of the high heathlands, the topsoil 
is rather thin, and for this reason its moisture content is quickly exhausted. In 
spring the crops can draw from the subterranean water, which is still at a rather 
high level. In summer, this is no longer possible, because the water table has 
fallen too far, and late-growing crops like mangolds may suffer from lack of 
moisture. 

Low heathland 

The soils of the low heathlands have a rather thick, humus-rich sod, which 
may change into a peaty sod, about 15 cm. thick. Underlying the sod is a layer 
of sand with a high percentage of organic material. In this layer small quantities 
of bleached sand sometimes occur as a result of podzoliaation during periods in 
which the water table is low. The humic sand layer is underlain by a poorly 
developed soft brown iron-humus pan. Below the pan lies the unaltered sandy 
subsoil, which contains spots of glei and which soon gives way to bleached re- 
duced sand. 

In many places the sand lying immediately under the sod contains root chan- 
nels. The organic material in this sand may have been derived from the various 
kinds of grasses that comprise a large part of the vegetation. Calluna is entirely 
absent, but Erica is found in many places, together with common grass, Cory- 
nephorus canescens^ Salix repens^ Myrica gale, and Drosera. 

In winter, the water tables in these profiles are so high that the soils are either 
soggy or flooded. In some cases the summer water table may fall to a depth of 
several meters; in others, it falls to only 60 to 80 cm. below the surface. These 
differences have a great influence on the quality of the sod. In spring, as the 
water level falls, peat begins to form. In summer, if the water level becomes too 
low, this new formation of peat, called “gliede,^’ dries out and is destroyed. If 
the water does not fall below 60 to 80 cm., the environment wiU remain sufli- 
ciently moist to permit continued growth of the peat deposit during the summer. 
This peat, of course, is found in the lowest spots. 

The water relations of these soils are rather good. The humdc topsoil is fairly 
thick, and water can be drawn from the subsoil during a good part of the growing 
season. Symptoms of desiccation, such as occur on reclaimed high heathlands 
and to a somewhat less degree on reclaimed medium-high heathlands, are ab- 
sent here. Sometimes excess moisture may be found locally, but this is taken into 
account in land use, as these soils are generally put under grass. 

AGEICULTURAL POSSIBILITIES 

High heathland 

Reclaimed soils of the high heathlands should be put into forest. In that case, 
the cost of reclaiming would be low because extensive leveling is unnecessary. 
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Because of the shoria.i>;e of laud, liowever, high heathland is also culti\aited. The 
results are not parti(*ularly good, because of the lack of moisture. Rye is virtually 
the only grain crop that can be grown, and it produces only about 1,500 to 1,700 
kgm. per hectare, 

M edhim-kigh heathland 

ilfter reclamation, medium-high heathland can be cultivated. Though the 
higher areas are too dry, the lower areas can be transformed into sandy arable 
land of moderate quality if adequate supplies of organic matter are provided 
regularly. 

The principal crops on such soils are rye and potatoes, but mangolds also are 
grown. The yield of rye here is 2,200 to 2,500 kgm. per hectare; that of potatoes, 
about 15,000 kgm.; and that of mangolds, 25,000 kgm. Though the lowest areas 
may be devoted to grassland, use of these soils for permanent pastures is not 
recommended. 

Low heathland 

In reclaiming the low heathland soils, it is necessary to take into account their 
various elevations. These soils are suitable for cultivated crops and for grassland. 
The lowest areas must be used for pasture, because they are too wet for arable 
land. Cultivated crops would require better drainage, but this would lower the 
water table in the surrounding higher areas and consequently would reduce the 
value of the higher land. 

The higher areas of the low heathlands are well suited to cultivation. Mangolds 
yield especiall}^ well, and potatoes and rye produce better crops than do the soils 
of the high and medium-high heathlands. Rye yields 3,000 to 3,200 kgm. per 
hectare; potatoes, 30,000 to 32,000 kgm.; and mangolds, about 80,000 kgm. 

RECLAMATION REQUIREMENTS 

In the reclamation of heathland, the following principles must be considered: 

The sod must be left in the upper part of the profile to enrich the topsoil 
with organic matter and to prevent anaerobic decomposition. 

The bleached sand, from which all plant nutrients have been leached out, 
should be removed to as great a depth as possible. 

Impermeable layers must be broken up to a depth of at least 0.8 m. 

A layer of good sand, about 0.2 m. thick, must be spread over the loosened sod. 
As a rule, the iron-humus layer of the original profile will serve the purpose. 

To save expense, leveling operations must be kept to a minimum. They must 
be carried out in the subsoil so that the desired soil remains on top. 

Formation of large holes in the spaded soil must be avoided. For this reason, 
it Avill often be necessary to burn the vegetation of the heathland that is to be 
reclaimed, though this involves a loss of organic matter. 

RECLAMATION METHODS 

Both mechanical powur and manual labor are used in reclaiming heathland. 
In mechanical reclamation, the plow^ plays the most prominent part. In the 
beginning of large-scale reclamation, when fiat grounds with fairly regular profiles 
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were treated, the tractive poAver Avas supplied by oxen (fig. 1). Later the oxen 
Avei'e replaced l)y horses. Still later, A'ast areas were reclaimed by the steam ploAA’, 



liPti 


Fig. 2. Floating He.athlani) w ith a Tractor 


AA^hich AA^as attached to a long steel cable and (IraAAii to and fro by tATo portable 
engines, one on each side of the plot to be rec'iainied. 

NoAAa^days, only tractors are used (tig. 2). On fiat land without an iron-humus 
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pan, the only operation required is to plow the soil to a depth depending on the 
desired position of the sod in the profile. 

If there are impermeable layers, a plow with a subsoil trencher must be used. 
The plow turns the soil to the depth required, and the trencher breaks the harxl 
la^^ers beneath. A special reclamation plow may also be used. With this plow', 
the sod, sometimes together with the topsoil, is removed and brought o\'ei' the 
open furrow on the subsoil, wiiich has been turned o\"er b}" the same plow. 

If leveling on a rather small scale is necessary, the subsoil of the higher spots 
is dug from the open furrow' by hand and transported to the low'er spots. For 
large-scale leveling, bulldozers and draglines may be used. The sod and the 
topsoil are remov^ed first. Then the subsoil is leveled by the bulldozer or is ex- 
cavated from the high spots by draglines and transported by dumpcarts to the 



Fig. 3. Reclamation by Hand 


spots to be raised. The sod and topsoil are replaced by bulldozers. Afteiwvard, 
the soil must be plow'ed because of its compaction by the bulldozers. 

After the plowing and leveling operations, the soil is disced to cut the sod and 
break large lumps of hard earth as well as to mix sod and topsoil. 

Reclamation by hand powder (fig. 3) provides the greatest assurance that each 
layer of soil is properly placed and that leveling operations are carried out with 
the utmost care. This, however, was not the real reason for the initiation of rec- 
lamation by manual labor, as the increased value of the land never compensates 
for the extra cost. The real reason w'as to provide jobs for laborers wiio w^ere, at 
least temporarily, unemplojT-ed. High subsidies w^ere paid to reclaimers for this 
wmrk. 

In reclamation by manual labor, there are generally three pits in operation: 
one from w'hich the sod has been removed, together with a small quantity of any 
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topsoil that may be present ; one from which the bleached sand has been removed ; 
and one that has been excavated to the desired depth. The different layers are 
replaced as follows: At the bottom of the third pit is placed the bleached sand 
from the first pit. On this is placed a la^^er of red sand, about 0.1 m. thick, from 
the second pit. Then the red sand is covered with sod from a new pit. Finally 
a layer of red sand, about 0.2 m. thick, taken from the second pit, is placed on 
top of the sod (fig. 4). 

It is best not to place all of the sod between the two layers of red sand, but 
rather to put one third to one half of it on the surface. This will prevent drifting 
of the sand and ensure more thorough mixing with the sod. 

If the spade depth necessaiy for best rearrangement of the layers is insufficient 
to break up underlying impermeable layers, the subsoil on the bottom of the 
open furrow is also loosened. 


abode 



Fig. 4. Diageaisi of Heathlaxd Reclamation by Hand 


a. Natural profile, b. First pit, from which, the sod has been removed, c. Second pit, 
from which the bleached sand has been removed, d. Third pit, excavated to the desired 
depth, e. Reclaimed profile. The figures denote the sequence of the operations. 

If, besides spading, leveling is necessary, this must always be done by digging 
the subsoil out of the high spots and mixing it with the subsoil of the low spots. 
The soil is commonly transported in wheelbarrows or in dumpcarts pushed by 
hand or drawn by horses or portable engines. The wheelbarrow boards or the 
rails are laid on the soil that has already been treated. 

EENEWED RECLAMATION 

Reclamation ma}^ be renewed on plots that formerly were reclaimed by a less 
effective method than that now in use. 

The need for renewed reclamation must be great to warrant the undertaking 
of such a project, because the cost involved is almost as great as that of reclaim- 
ing wasteland. Suppose, for example, that the productivit}^ of wasteland is nil; 
good reclamation can make this land 100 per cent producth'e. A tract of land to 
be reclaimed anew, however, may already liave a producti\’‘ity of 50 per cent; 
the operation, therefore, can raise its productivity no more than 50 per cent. 
When costs are equal, then, the financial returns from renewed leclamation will 
be only about half the returns from an original reclamation. This means that 
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renewed reclamation demands greater accuracy, since faulty execution will have 
more serious consequences. 

Reclamation commonly is renewed under the following circumstances: 

1. If a hard iayer is present as a result of failure to break up the iron-humus pan during 
the original reclamation. If the profile shows no other faults, plowing by underground 
trenchers will give satisfactory results. 

2. If the succession of the layers in the profile is wrong, for example, when bleached 
sand still occurs immediately under the topsoil and red sand of good quality is found 
in the next iayer. If there is a tough sod, a reclamation plow can be used. If not, it 
will be impossible to bring the topsoil over the open furrow. If there is no sod, the 
topsoil is removed by a bulldozer, then the subsoil is plowed to bring the red sand 
to the top with the bleached sand at the bottom. Finally, sod and topsoil are re- 
placed. 

3. If topsoil or subsoil or both are irregular in composition. In this case the topsoil 
or other layers are usually of unequal thickness. The following difSculties arise from 
such irregularities: (a) unequal fertilizer requirements; (5) great differences in the 
growth of plants and in the time of ripening; (c) marked variations in moisture 
content, as a result of which some places are too wet in spring whereas others are 
too dry in summer. Although these irregularities can be corrected mechanically, 
the operation requires such exactitute that hand power is preferable. 

4. If the land is not level. This is likely to occur when the original reclamation con- 
sisted only of tillage, usually by plowing. In low spots crops may suffer from excess 
water, whereas in the high spots symptoms of desiccation are evident. The surface 
must then be leveled by the methods previously described. 

If two or more of the aforementioned faults are combined, the advantages of 
mechanical improvement increase. Indeed, the financial returns from breaking 
up impermeable layers and leveling the surface generally are far greater than 
those accruing from putting the layers in proper succession and dividing the 
topsoil regularly. 

Though the correction of combined faults by hand power is very expensive, 
it may increase the value of the land so much that renewed reclamation may 
yield greater financial returns than would correction of individual faults. Where 
the productive capacity of the soil is of greatest significance and the placing of' 
unemployed laborers is considered desirable, renewed reclamation by hand is 
certainly Justified. 

CULTIVATION 

As soon as the soil has sunk sufficiently, the first crop can be planted. A normal 
crop can be grown immediately after application of 60 tons of compost per hec- 
tare together with large quantities of commercial fertilizers and lime. This pro- 
cedure, however, may be risky; furthermore, it may be many years before the 
topsoil is in good condition. 

It is recommended, therefore, that after reclamation, a green manure crop of 
yellow lupines (Lupmus lu(eus) and serradeUa (Qrm%c>pt^s sativus) be grown 
first. In preparation, 20 tons of compost or farmyard manure per hectare is 
applied to stimulate growth of soil microorganisms. Then 2,000 kgm. of marl, 
1,000 kgm. of basic slag, 500 kgm. of muriate of potash (40 per cent K 2 O), and 
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100 kgm. of a mixture of equal parts of ammonium nitrate and chalk are applied. 
As newly reclaimed soils often show copper deficiency, 50 kgm. of copper sulfate 
per hectare is also applied. 

A mixture of 80 kgm. of yellow lupine and 20 kgm. of serradella seed is sown 
as early as possible. When these plants are in full growth and have not yet ceased 
blooming, the crop is plowed under. After the loose soil has had time to settle 
thoroughly, a succeeding crop, preferably rye, is sown. 

Ever since commercial fertilizers were introduced, lack of water has been the 
limiting factor for crop production on the high sandy soils. Not only the yield 
but the choice of crops is affected. These drawbacks can be overcome by sprinkler 
irrigation during dry periods, the water being drawn from deep wells. This 
technique is gradually spreading. 


RECLAIMED PEAT SOILS AND THEIR 
AGRICULTURAL IMPORTANCE 

K. J. M. MOHRMANN 
Nederlandsche Heidemaatschappij Arnhem 

Peat is found in many parts of the Netherlands. The peat layers in different 
districts vary rather widely in development and position. Consequently, their 
values for peat-making and for reclamation differ in the several regions. On the 
basis of these two potential uses, the Dutch peat soils may be classified as low- 
moors and highmoors. These two terms by no means define the quality of the 
peat; they merely indicate that under present conditions the former lie only 
slightly above the water level, whereas the latter are high above it. 

PEAT DISTBICTS 

The Netherlands may be divided into the following peat districts (fig. 1): 

1. Low peat soils in the west. This is the so-called Holland-Utrecht peat district, which 
occupies large parts of the provinces of Utrecht, Noord -Holland, and Zuid-Holland. 
This district used to be considerably larger, but the regions where peat still occurs 
at the surface have been markedly reduced by the sea, which has eroded away large 
areas and has covered others with recent marine clay sediments. 

2. Low peat soils in the north. These soils are found in the northwestern part of the 
province of Overysel and in the southern and central parts of the province of Fries- 
land. 

3. High peat soils in the north. These soils are found in the provinces of Groningen, 
Drenthe, and Overysel near the German frontier. 

4. High peat soils in the southeast. This is the so-called Peel district, lying on the bor- 
derland between the provinces of Noord-Brabant and Limburg. 

5. Scattered low peat soils in the Pleistocene sandy areas. In contrast with the afore- 
mentioned districts, each of which occupies a large area, many scattered small moors 
varying between 0.5 and 10 hectares are found on low places of the sandy regions in 
the eastern and southern part of the country. 

GEOLOGICAL DEVELOPMENT 

Geologically, the peat soils in the Netherlands are very young formations. 
The oldest date from interglacial periods and belong, therefore, to the Pleistocene 
epoch. They are of minor importance for reclamation. 

In the boreal period (8000-5000 B.C.) an important peat formation began. 
The peat developed on the Pleistocene coversands, which slope gently from the 
hills in the province of Utrecht to the present North Sea. It developed as a 
ground-water peat under the influence of the slow rise in sea level, a process 
which continued until the middle of the Atlantic period. Then the sea invaded 
this peat district, partly covering it with thick layers of sand and clay. This 
so-called formation of old sea clay dates from the mid- and late-Atlantic period 
(3500-2000 B.C.). Because of recession of the sea in the next period — ^the sub- 
boreal^ — ^new peat could form in the district that now includes the western part 

1 Dutch Heath Reclamation Company. 
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of the Netherlands. In that region this peat is called surface peaty in contrast 
with the peat lying under the old sea clay and known as peat lying at a greater 
depth. Conditions in the subboreal period were such that peat could be formed 
on a large scale also on the coversands in the northern, northeastern, and south- 



Fig, 1. Main Peat Distbicts op the Netherlands 


/ eastern part of the country. These peat formations grew continuously until 

almost the present day. An interruption occurred, however, at approximately 
the transition from the subboreal to the sub-Atlantic period. During this time the 
^ f so-called limitation layer of Weber was formed between the ancient moss peat 

" of subboreal period and the recent moss peat of the sub-Atlantic period. 

f In the western region, this sub-Atlantic peat has not reached full development 

t , 
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because it was covered by a deposit of young marine ciay. Figure 2 represents 
this development in the western part of the Netherlands. 

In districts where the old sea clay is absent and the surface peat rests directly 
on the peat lying at a greater depth, the organic sediments are very thick. Near 
Amsterdam, these strata are about 13 m. thick, the layer of surface peat being 
4 to 7 m. In the western part of the peat district the Atlantic clay sediments are 
about 10 m. thick. The peat lying at a greater depth is found here at about 14 
to 16 m. below N.A.P.^ This peat, which originally was very thick, has been com- 
pressed by the younger sediments to a layer of about 0,5 m. 



Fig. 2. Ckoss-Section Through the Western Part of the Netherlands 


BOTANICAL COMPOSITION 

Obviously, the botanical composition of peat depends on the plant communities 
that once existed. These communities are, in turn, related to the quality of the 
water at their disposal. If this water is rich in nutrients, a eutrophic peat will 
form. It will be a reed peat; a forest peat, as found in the tidal river district; or 
an alder bog peat, the vegetation in the brook valleys. Water poor in plant 
nutrients (rain water) gives an oligotrophic peat formation, moss peat. The 
intermediate formation is mesotrophic, sedge peat. The various kinds of peat 
are named after the principal representatives of the plant communities. 

Reed peat consists mainly of reed (Phragmties communis). This kind of peat 
indicates nutrient-rich water as well as a certain influence of the sea. Because 
of its high content of pjrites, this kind of peat is not suited for reclamation. 
Forest peat contains many remnants of wood from oak (Quercus robur), ash 
(Fraxinus excelsior), willow {Salix aZ5a), and alder {Alnus gluiinosa) and is some- 
what silty. 

Sedge peat consists of various species of Carex, and seeds of Menyanihes 
trifoliaia are present. Besides remnants of alder, alder bog peat contains remnants 
of different Carex species. 

Moss peat may be formed from many kinds oi Sphagnum together with re- 
mains of heather {Calluna vulgaris and Erica tetralix) and cotton grass {Brio- 
phorum polystachion). 

Climatic changes and the flooding and recession of the sea frequently dis- 

2 N.A.P. is a standard level about as high as mean sea ievei. 
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turbed the regular building up of the peat. Side by side with the normal develop- 
ment from eutrophic through mesotrophic to oligotrophic sediments, all sorts 
of transitions may appear in other sequences according to prevailing conditions. 

LOW PEAT SOILS IN THE WEST 
Peat-making 

The peatlands of the western part of the Netherlands were put to use as pas- 
tures at a rather late date, from the lith to the 14th century. Scarcely had the 
land been converted to agricultural use, when peat-digging started. This must 
be attributed to the scarcity of woodland in the Netherlands, which resulted 
in a lack of fuel. Dried peat has a high caloric value and was generally used as 
fuel in the Netherlands until the beginning of the 20th century. At first, peat was 
dug by hand. At the end of the 19th and the beginning of the 20th century, 
manual labor was replaced by mechanical power. Peat for fuel should have a low 
silt content. The districts in which peat was dug in the western part of the 
Netherlands consisted of moss peat and slightly silty forest peat. 

Removal of the peat left a lake. Small strips of land, however, were spared. 
On these, the peat was placed to dry. 

Peat-making has always been more or less regulated. The regulations dealt 
with the proportion of land to the water accumulations that finally would de- 
velop. Sometimes these regulations were not obeyed, and the small strips of 
land were also dug out. Then large areas of water, such as the Haarlemmermeer, 
came into existence. Wave action, due to the prerailing westerly winds, especially 
at the eastern sides of the lakes, caused a gradual crumbling of the .banks, so 
that villages and towns, such as Amsterdam, were endangered. Peat-making 
in the western part of the Netherlands has always been at the expense of existing 
cultivated land, much of which was of good quality. 

History tells us that all towns in the western part had peat markets. One of 
the oldest is that of Dordrecht, which dates from the year 1377. 

Figure 3 shows a district in the western part of the country in which peat is 
being dug out. 

Drainage 

In the 17th century when windmills had proved their usefulness, it became 
possible to drain the pools created by peat-digging. At first, only the smaller 
lakes could be drained; in the course of the next centuries, as a result of further 
technical progress, the larger ones also could be treated. At the end of the ISth 
century and the beginning of the 19th, steam engines were used. Diesel and 
electric power followed in the 20th century. The drainage methods are described 
elsewhere in this issue. 

Generally the polder level of the lake thus reclaimed is several meters lower 
than that of the nonexcavated peat districts in the neighborhood. 

Reclamation 

The bottom of the former lake, now drained, may consist of the following 
kinds of soil: (a) peat to a great depth, or a thick layer of peat on a clay subsoil; 
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(h) a thin layer of a peat on a clay subsoil; (c) clay with some peat at the edges; 
(d) sand with a thin layer of peat in places. 

The layer of peat that may be found on a lake bottom consists of remnants 
of this material which were lying at too great a depth to be dug out and which 


Fig. 3. Aerial View op a Region in Which Peat Digging is in Progress 


On the right, existing grassland is being dug out for peat-making and turned into a lake. 
On the narrow strips of land that remain, the peat is dried. At A, a black mass of dredged 
peat is spread out to dry; at R, blocks of peat have been piled up. 

On the left, all the peat was dug out. The lake that remained was drained and its bot- 
tom reclaimed. In consequence, the land is several meters lower than that on the right. 

From a file of aerial photographs of the Soil Surve^^ Institute, Wageningen. Photo Allied 
Air Force, September 16, 1944. A part of this photograph was published in C. H. Edelman’s 
“Soils of the Netherlands,” North Holland Publishing Company, Amsterdam, 1950. 


were not beaten away later by wave action. The clay layers belong to the old 
sea clay formation. The sand belongs to the Pleistocene coversands. 

The method used for reclaiming the drained land depends on the quality of 
the material present, as the future use of the soil is closely connected with this. 

Peat soils or thick layers of peat on clay subsoils. Marked differences in surface 
levels generally occur in deep peat on clay. Regardless of these irregularities, 
the peat must be well leveled to bring the surface to the right height in relation 
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to the water table. During the lev^eling, the peat must be loosened thoroughly, 
either by plowing or by spading. It is important to le\^el in such a way that the 
water table in all parts of the polder may be 40 to 50 cm. below the surface. If 
the water table is lower, the peat may dry irreversibly. If this occurs, it can 
absorb scarcely any water, and its agricultural value will be ^nrtua^ly nil. This 
fault frequentl}^ becomes apparent in polders that originally were improperly 
reclaimed. Subsurface irrigation through tile drains, combined with thoi'ough 
control of the height of the water in the ditches, maj be the solution in these 
cases. The former topsoil was generally thrown into the lake, as it was not suit- 
able for fuel. Sometimes it is found after the lake has been drained. If possible, 
it is used again as topsoil. 

Thin layers of peat on day subsoils. The differences in surface levels are due not 
only to the residual peat but also to the quality of the clay subsoil. Differences 
originating in the clay subsoil are caused by the system of tidal creeks separated 
by basins in the old sea clay formation. The sediments of silt and silty clay in 
the former tidal gullies sink only slighthq if at all, whereas the heavier sediments 
of soft clay in the basins settle consideral:)ly. This may result in differences in 
height of a meter or more. The soils in the former creeks, moreo\'er, are calcareous 
and of good quality, whereas the soft cla^^ soils are acid and of pool* quality. 
In reclamation, this calcareous clay soil may pla}" a prominent part. If there is 
a sufficient quantity, it can be used for soil improvement. In leveling the surface, 
it can be transported to spots where peat still occurs, generally on iioncalcareous 
clay. The calcareous clay should be deposited to a depth of about 25 cm. Of 
course the peat must also be le\'eled. Thus producti\'e arable land can be made. 
In such cases it must be drained to a depth of 1.25 to 1.50 m. If there is only a 
small quantit}^ of calcareous cla^q part of the polder can l)e transformed into 
arable land and the rest into grassland. The polder le\’el must be \airied aecordiiig 
to the circumstaiK'es. 

Polders loilfi day soils. After the polders ha\'e been drained and parceled, their 
reclamation is virtually finished. The clay soils, the properties of whicli are 
described elsewhere in this issue, can be used for culti\'ated crops and for grass- 
land. Generally, peat layers of varying thickness are still found locailly near the 
edges. These layers can be reclaimed for use as grassland in the maimer alread}^ 
described. 

Lakes with sand bottoms. As a rule, lakes with liottoms of Pkistocem^ sand, 
sometimes covered with thin layers of peat, will not be reciaimed. Tlu^ sandy 
subsoil is so permeable that after drainage of the lake, W'ater from the siii*rounding 
areas will seep into the ne\v polder. This seepage is aggravated by the pi'oximity 
of the high hills in the east. In (*onsequence, the di'ainage (‘ost is too liigh for 
profitable agriculture. The lakes, therefore, remain in exist eiuaa and many of 
them, such as Loosdrecht, are w'ell-known waiter sports (*entc‘rs. 

j^Lgricultural importance of reclamation 

The peat soils are used almost exclusiiml}^ foi* grassland. They are not suitable 
for permanent pastures because the soil is so soft that after a few i^ears it be- 
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comes closely packed. Moreo\'er, irregular shrinkage occurs frequeiitly. The soil, 
therefore, is plowed e\Tay K) or 15 years and then cultivated for 1 year. Small 
grains are commonly sown as a nurse crop for grass. 

Soils formed of calcareous c^lay spaded on a layer of peat or those that consist 
wholly of calcareous cla}^ are used exclusively for arable land. Their yields are 
among the highest in the Netheiiands. 

The noncalcareous silty clays are also cuhT^ated. If they are not decalcified 
to too great a depth, the cah'areous clay from the subsoil ma}" be brought up b}" 
deep spading or b}" treatment with a trenching plow. The soils may be consider- 
ably improved by these treatments. 

The heavier noncalcareous clay soils are generally used for grassland, as are 
the thin peat layers covering soft clay. This so-called eat clay, described elsewhere 
in. this issue, is usuall}^ A'eity acid because of its ferrous sulfate content. In general, 
this kind of subsoil has an unfavorable influence on crops. 

Westward, the agricultural quality of the old sea clay gradually improves. 
Naturally, therefore, the drained lakes in the east of this district are grassland 
polders, viiereas the polders in the west are used as arable land. Between them 
there is a gradual transition with mixed fai*ming. 

I'he thickness of the residual peat varies in places, since some of the earliest 
reclamations were not carried out properly from an agricultural standpoint. 
Many of the polders, therefore, have been subjected to renewed reclamation, 
consisting of leveling and digging out of local peat areas. The object of these 
operations is to impro^a^ irreversibly dried soils and other poor patches of land. 

Significance of special cases 

Because pieces of peat on the eastern shores of rather extensive lakes are often 
eroded awayy, as are remnants of peat still present in the lakes, great quantities 
of peat may disappear. In the Haarlemmermeer alone, 200 X 10® cu.m, of soil 
was eroded awTiy. Not all the peat is destroyed or oxidi 2 :ed; a part of it is carried 
over the bottom by countercurrents and finally accumulates on the western 
side as slush or muck. 

Slush, a calcareous silty peat, is formed by blending of the original peat with 
the silt of the argillaceous lake bottom and by enrichment with lime from mol- 
lusks. When the lake is drained, the slush forms valuable soil for horticultural 
purposes. Yields on such soil are high and of prime qualit^o 

Muck also is of great value to horticulture. Neither vegetable growing nor 
arboriculture is possible on peatlands without regular use of muck, which is 
dredged out of existing lakes or is dug from ground that has already been re- 
claimed. 

Although muck and slush are used only on small areas, they are of great im- 
portance to the culture of horticultural produce for export. 

LOW' PEAT SOILS IN THE EAST 

Peat-making 

Peat-making operations in the east are similar to those in the west. 
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Drainage 

The only difi'erence between drainage in the east and that in the west is that, 
in general, the lakes in the eastern section were not drained until the present 
century, and therefore only modern methods have been used. The windmills 
that are so characteristic of many reclaimed lakes in the western part of the 
Netherlands are not found in the east. 

Reclamation 

Old sea clay is absent in the low peat areas of the east, and the soils are com- 
posed of peat remnants on a subsoil of Pleistocene coversand. The differences in 
surface levels in these regions are due to the irregularit.y of the peat remnants. 
Variations in the level of the sandy subsoil are of minor importance. 

The peat must be le\^eled and loosened. Similar operations must also be ap- 
plied to undecomposed or partly decomposed remnants of plants that grew in 
the lake before reclamation. Afterwaixi, these remnants may cause a considerable 
sinking of the surface. 

As the peat co\'er is generall}" thin, sand usually comes up when the ditches 
are dug. This sand is used to cover the peat and thus make the topsoil more 
solid. For reasons already mentioned, considerable Ciiiaiitities of seepage water 
are to be expected. To reduce seepage, the ground-\vater level is kept as high 
as possil:)le, usually at a depth of 40 to 50 cm. 

Agricultural importance of reclamation 

The areas reclaimed in this way are used exclusively for grassland. Yields 
are high because of a favorable profile for de^'elopment of sod. 

HIGH PEAT SOILS IN THE NORTHEAST 

Peatmiaking 

When peat was dug for fuel in the west, good quality grassland was destroyed. 
This has not been the case in the northeastern peat districts. Here the moors 
were wasteland, and those that are left are still in this condition. 

In the beginning, in the large peat district along the German frontier and in 
the smaller one along the Frisian-Drenthian frontier peat wtis dug only to supply 
local fuel needs. 

About the year 1600, this so-called ivild digging gave place to systematic peat- 
making by the town of Groningen to supply fuel for its inhabitants. This opera- 
tion required the digging of an extensive system of canals to drain the moors 
and to provide means for transporting the peat. These canals cut into some of 
the sandy subsoil of the peat deposits. Excavation of the peat was strictly regu- 
lated to maintain its quality. Recently formed moss peat (the so-called bolster) 
has a much lower caloric value than the ancient moss peat or the sedge and reed 
peat (the so-called black peat) in the subsoil. The regulations therefore prescribed 
that a layer of bolster, 50-60 cm. thick, be thrown back. The rest of the peat 
was dug out down to the subsoil of coversand. Later it became evident that the 
throwing back of the bolster had been of special value to agriculture. Peat- 


making is still in progress, but the area of land now available for exca\'atioii is 
small. 

Reclamation 

When the peat-making operations in a moor ended, the land consisted of a 
topsoil of bolster, 50 to 60 cm. thick, on a subsoil of co\'ersands. Moreover, the 
excavated sand had been deposited along the canals. On this land the bolster 
was spaded and leveled as much as possible, and on it was spread a layer of sand, 
12 to 15 cm. deep, taken from the canals (figs. 4 and 5). 









Fig 4. The Bolstek, Left Behind After Peat -Making, is Covered by a Thin Layer 

OF Sand 

Thus a profile eiy well suited to agricultural use came into being. The sandy 
topsoil ensures easy tillage of the ground, and the peat subsoil forms an inex- 
haustible reservoir of moisture. The significance of the bolster is becoming in- 
creasingly evident, for this young moss peat does not dry irreversibly and can 
always be remoistened. Careful control of the ground-water level is essential. 
A water table at a depth of 50 cm. has proved to be most effective. Some technical 
construction is necessary for water regulation, as the district slopes in a westerly 
direction. 

Nowadays, reclamation follows certain basic principles. In the past, this was 
not always the case. Then the necessary care in the throwing back of the bolster 
was not always taken, and sand of poor quality was sometimes used. As a result, 
bad spots are found. 

After reclamation, the sandy topsoil is low in humus. The plowing up of a 
thin layer of bolster at regular intervals develops a humic topsoil, which is a 
thorough mixture of sand and of bolster that gradually changes into mold. 
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The parceling of these districts depends entirely on the canal systems con- 
structed for peat-making. These canals determine the position and the width of 
the farms. The distance between the canals is generally 150 or 160 m., and the 
farms usually consist of 25 to 30 hectares. They are, therefore, A^ery long and 
narrow. 


Agricultural importance of reclamation 

Fertilization. When reclamation is completed, the sandy topsoil is still lacking 
in plant nutrients. Fertilization is necessary. In the old days, manure in the form 
of ton'll compost ivas applied. Ships transporting peat to the towMi of Groningen 



Fic. 5. This Bolster Had Become Overcrow'x w ith Heathur Before the 

Laxd was Reclaimed 


also carried compost as a return cargo. This material (*oiild easily lie transported 
by canal to the parcel where it was needed. 

At present, the application of compost has giA'en way to the growing of green 
manures and the use of commercial fertilizers and lime. A basic application of 
1,000 kgm. of potash (40 per cent K 2 O) and 800 kgm. of basic slag per hectare 
and alxnit 50 tons of compost is common on newly reclaimed land. Large quan- 
tities of fertilizers are also applied yearhn Xowliere else in the Xetherlands is 
the consumption of fertilizers per heidare of aralile land so high as on these 
reclaimed peat soils. 

Crops. Potatoes for industrial use are considered by far tire most important 
crop. The main product is stai'ch, from which numerous other products are made. 
Potato A^ields are frequently as high as 35,()()0 kgm. per hectai*e. 

Rye and oats ai‘e the next most important crops. They are grown not only for 
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grain bill also for s^ l‘a^^', which is used in the manufacture of cardlioard. Mangolds 
are of iiiUM-('si in ('rop rotations, and some oil seeds also are produced. The soils 
are well suited to truck farming and produce good yields of prime quality. 

Grassland is of minor impoidance, for the reclaimed peat soils are primaril}' 
in districts where cultivated crops are paramount. 

In view of the great number of favorable qualities of these soils, whicli are 
sometimes called dal soils, it is no wonder that this region, viiich used to be a 
worthless moor, has become a thrixdng farm district. 

HIGH PEAT SOILS IM THE SOUTHEAST 

Peai-makmg 

In the southeast district, known as de Fed, a complex system of moors used 
to 1)0 found. Foi‘ many centuries the farmers dug peat here foi* tlieir ow'ii use. 
Systematic peat-making was not started before about ISbO. Because of al:)seiice 
of ]‘C‘gulations, all the peat i\'as dug out, and today the ancient subsoil is lying 
on top. Only in spots have remnants of peat been left. ]\Ioreo\'er, this is not 
bolster but, rather, black peat. 

Redam ation 

The land to be reclaimed here is very irregular in composition. The surface 
of the sanch" soils is fai* from level. The peat remnants, too, are full of pits and 
holes, and tlie bla(*k peat is subject to irreversible drying. In digging and le\'eling 
the land, the danger of irreversible desi(a‘ation of the peat is ^my great. It is 
necessary, therefore, to coxnr the peat with a layer of sand about 20 cm. thick 
to avoid plowing up of the peat}" subsoil. Because of the height of this land, the 
water table falls to a great depth, and this, together with the presence of black 
peat, makes the soils too dry in summer. 

The sand used to co\Tr the peat does not come from canals but is mmoved 
from the sand ridges that are common in this district. In many places it must 
be transported for a distance of 1 km. 

As peat and sand alternate within small areas in de Peel, reclaimed land nearly 
always consists of a combination of peat soils and sandy soils. 

Agricultural importance of redamation 

FertilizaHon. Because of the absence of a good system of canals, there has 
ne\^er been any intensi\T traffic in de Peel. Consequently, composts were not 
applied so extensively in former years as in the northern district. In de Peel, the 
manure on farms already in existence was generally reser\T)d for the newly 
reclaimed land. Today green-manuring is a general practice. 

The yearly fertilization is about the same as that on the sandy soils in the 
neighborhood. 

Crops. iVmong the rotation crops, rye and oats occupy a prominent place, 
folloAved by potatoes. The yields are smaller than in the north, because the water- 
holding capacity of the soils is lower. On the somewhat lower land of better 
quality, mangolds are grown rather successfully. The lowest spots are devoted 
to grassland. 
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FAULTS IN RECLAIMED HIGHMOORS 

Peat dust 

Remnants of dried peat are commonly left on the higlimoors. If these ir- 
re\ursibly dried peat lumps occur in great ciuantities they may ad^ursel}^ affect 
the water-holding capacity of the reclaimed soils. As many as possible of these 
remnants should be gathered and removed. 

Reclamation disc a se 

As the topsoil of reclaimed land is lacking in the major plant nutrients, quite 
possibly it is also low in minor elements. Ob\^iously, the poor growth on the 
reclaimed soils in the first few ^-ears must be attributed to a lack of copper. This 
can be remedied by fertilizing the soil with 50 kgm. of copper sulfate per hectare 
or with. 250 kgm. of fineh’' ground copper slag. 

SCATTERED BOG PEATS 

Peat-making 

On most scattered bogs the peat has been dug out by farmers for their own 
use. In only a few places has the remo\’'al been systematic. As a rule, existent 
grassland has been dug out. 

RecJamaiion 

Reclamation of these small bogs is of minor importance, and little has been 
done along these lines. ]\Iany farmers fill their peat holes with sand, but a few 
lia^'c reclaimed their land by loosening and le\a?ling the peat and coA^ering it 
with sand. 

Agricidiural importance 

Once the peat has been remox'ed, these scattered bogs are resown to grass, 
usually with oats as a nurse crop. 


RECLAMATION OF DUNE-SAND SOILS 


K. VAN DEL IMEER 
A’ ederiadsche Reidenmaalschappijd Arnhem 

In the beginning, the dnne-sand soil« in the Netherlands were almost entirely 
o\Trgrown with forest. This was a xerophytic Quercm-Betula association which 
had a high calcium leqiiirement. The original calcareous sands, therefore, are 
decalcified to a great depth. Subsidence of the land and ilsing of the sea level 
ha\X‘ been serious problems in the dune-sand areas. 

Archaeological discoveries and historical information ha\^e shown that the 
earty population reclaimed the soil in the lower places for gro\vth of cultivated 
crops and for grassland. The highest parts became uncultivated wastelands. 

The dune-sand soils in tlie Netherlands are in the neighborhood of large towns. 
Growth of these towns after the late Aliddle Ages required a great deal of sand, 
v'hich was excavated from the dunes. In time, it became evident that the excavated 
areas were well suited to \ngetable and flower-biilb growing. These areas, there- 
foi'e, have been in great demand during the last few centuries. In fact, the de- 
mand for them grew faster than the rate of excavation. In the 19th centiiiy the 
dune-sand soils were found to be suitable for the making of lime-sand bricks. 
At tlie end of the century a brick factory was established, and the sand, especially 
ill the ancient dunes, was rapidly remo\^ed. 

Today the dunes have been almost completely excavated and put under cul- 
tivation. Only a few scattered areas are still in their natural state (fig. 1). 

MORPHOLOGY 

In the Netherlands there are two types of dunes: ancient and recent. The 
ancient dunes are decalcified to a great depth; the recent ones, to a slight depth 
and only in some places. The ancient dunes date back to the Atlanticum (a 
moist period from 5000 to 2000 B.C.) and have retained perfectly the shape of 
a sand reef. Though they look somewhat wind-blown, the base of the formation 
is still the sand reef. The recent dunes are of historical age. Essentiall}^ they 
also were formed as a sand reef but later were blown inland over the landscape. 
Thus they are composed entirely of aeolian sand. Locally, the}^ have been blown 
to a height of about 60 m. These recent dunes now form a sea barrier along much 
of the Dutch coast. The ancient dunes usually lie behind the younger ones, in 
places at a distance of several kilometers and in other places very close. Some of 
the ancient dunes run parallel with the recent dunes; some bend outward and 
are covered b}' the recent dunes. The ancient dunes have a maximum height of 
only 4 m. 


SOIL CONDITIONS 

The Dutch dune-sand soils consist of moderately coarse grained calcareous 
or noncaleareous sand. Soils of prime quality are found on the ancient excavated 

^ Dutch Heath Reclamation Company. 
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dunes with the best developed profiles. They have a homogeneous layer of 
calcareous sand 4 or 5 m. deep. These are the ideal soils for bulb growing. For 



A ridge of dunes is visible in the center running from south-southwest to north-north- 
eust. In the southwest and along the east side of tlie ridge are bulb fields, which have l)een 
under cultivation for a long time. 

The northeast part of the ridge has already been excavated. In the center, excavation 
of the original dunes is in progress. 

From a file of aerial photographs of the Soil Survey Institute, Wageningen. Photo Allied 
Air Force, September IS, 1944. 


vegetable growing, noncalcareous sand is preferred. Though some bulbs can be 
grown on noncalcareous sand, the financial returns are lower, for the most profit- 
able crop, the hyacinth, cannot be grown on such soils. 
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llie following mechanical analysis is typical of the calcareous soils: 0-1 6 g, 
0.5 per cent; lO-oO fx, 0.2 per cent; 50-75 ix, 0.2 per cent; 75-105 ju, 0.4 per cent; 
105-150 872 per cent; 150--210 ju, 39.8 per cent; 210-300 ju, 41,8 per cent; 300- 

420 fjL, 8.3 per cent; >420 g, 0.6 per cent. The following chemical analysis is also 
typical: pH, 7.7; CaCO;i, 4.3 per cent; humus, 0.6 per cent; water-soluble P2O5, 
20 ppm.; P2O5 soluble in 1 per cent citric acid, 280 ppm.; K^O soluble in 0.1 N 
HCl, 80 ppm. 

The noncalcareous soils have virtually the same mechanical composition as 
the calcareous soils, but they normally contain twice as much humus, P, and K. 
Because of absenc'e of free CaCO:i, the pH, as a rule, is below 7, and liming is 
necessaiy. 

Soils ivith tlie composition of the Dutch dune sands are very permeable. The 
factor of permeal)iht3^---i^ from Darcy’s equation — is about 25m./24 liours. 
This and the insignificant adsorption capacity lead to hea\w leaching of fertilizers. 
Application of 100,000 kgm,. of farmyard manure per hectare eveiy third year 
and a yearly application of 700 kgm. of superphosphate, 700 kgm. of sulfate of 
potash, 350 kgm. of sulfate of ammonia are normalh' required. 

The great Vhiliie of these soils for horticultural purposes depends largely on the 
carehil ri'gulation of boezern and polder levels, as described elsewhere in this 
issue. This u'ater control, in turn, is closely related to the excavations of sand 
dll ring the last century. 

From tlie 17th (‘entury, vaiter control in this a.i*ea has lieen satisfactory, but 
in the latter part of the 19th century certain impro\^ements were made which 
ensured, a constant ground- water level throughout the year. This water level, 
56 (*m. lielow' N.A.P. (mean sea le\'el), is the basis for successful bulb culture. 
From the \iewpoint of soil science, the deep homogeneous sandy profile is neces- 
sary to avoid discrepancies between the ground-water level and the water level 
in the drains. Profile disturbances less than 2 m. below the surface still cause 
iri'egularities in the mov'ement of the subterranean water. 


EXCAVATIONS AND IMPROVEMENTS 

In the sand pits of the ancient dunes, the ultimate depth of excavation depends 
on the water le\'el of the boezem or the polder in which the sand pits lie. Practical 
experience has shown that a surface leA^el at 55 cm. above the water table gives 
the most favorable results. This was confirmed scientifically by the late Prof. 
A. H. Blaauw of Wageningen. Because the water table is 56 cm. below N.A.P. , 
most of the soils are excavated to N.A.P. or 5 cm. below. 

When the ancient dunes are excavated to that level they may produce calcare- 
ous as well as noncalcareous sand (fig. 2). They ha^^e had the highest altitude 
where they were widest, and there calcareous sand is found at N.A.P. (fig. 3). 
The spurs are low" and narrow, and there at N.A.P. noncalcareous sand is found 
(fig. 4). 

It is quite possible that in the highest parts of the ancient dunes, holes ('wind 
pits) caused by secondaiy sand drifts wall appear. As a result of these holes, 
decalcification may be deeper, and in these places noncalcareous sand may appear 
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amid calcareous sand. At first, this phenomenon was disregarded, and thus, soils 
poor in lime and of inferior quality would arise in the midst of good calcareous 
sand. 

When, later, the significance of high lime content for bulb growing was realized 
more clearly, this problem was taken into account. Then, during the excavation 
of the sand, a bottle of hydrochloric acid was held in readiness so the lime content 
could be tested immediately. The noncalcareous sand was excavated, even if it 
occurred at a greater depth than N.A.P., and the hole was filled with calcareous 
sand taken from places where it was found above this le^Tl. 





WATetg TABLE 


KortCALCA'ceoua samt?' 



Fig. 4. Cross-Section Through a Low Part of an An(tent Dune 

The low spurs of the sand reefs alwaj^s consist of noncalcareous sand at N.A.P. 
and ill some areas even to a depth of 1.5 to 2 m. below N.A.P. After excaiuition, 
therefore, noncalcaieous soils always turn up on them. Since the most profitable 
crop, the hyacinth, requires a calcareous soil, methods were developed for raising 
the calcareous subsoil and removing the noncalcareous topsoil. 

At present, two methods of turning soil are in use; namehq trenching and re- 
working with dredges. In the first method, the soil is excavated b}^ hand (fig. 5), 
the trench being kept diy by pumping the subsoil wnter from deep ivells. In the 
second method, the soil is turned by a dredge. Tlie object of both methods is to 
turn the noncalcareous topsoil under the calcareous subsoil. 

The possibilities for trenching are limited, as it is feasible to ivork to a depth 


RECLAMATION OF DUNE-SAND SOILS 


73 


ot only 2.75 m. below the surface because of the high waiter level and the marked 
permeability of this soil. More powerful water pumps can be made for attaining 
a greater depth, but the cost would be high. Where the noncalcareous profiles 
are very deep, it is impossible to get a sufficiently thick layer (at least 1 m.) of 
calcareous material on top. 



Fig. 5. Improvement op Dune-Sand Soils by Hand-Trenching 



Fig, 6. Cross-Section Through a Recent Dune with Possibilities for Excavation 


In reworking with dredges, there is no such limitation. These machines make 
a trench about 10 m. deep. The method is somewhat rougher than trenching by 
hand, but the costs are only about half as great. Dredging will cost the bulb 
grower about 6,000 guilders per hectare, whereas trenching costs are estimated 
at about 12,000 guilders, despite the government subsidy. As both methods give 
good results if they are followed carefully, bulb growers generally prefer to use 
dredges. 

These methods of soil improvement are applied not only to undisturbed sand 
profiles but also to the broad plains between the ancient dunes. These plains have 
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a sandy topsoil overlying layers of clay and peat, vdiicli, in turn, overlie the sand 
of ancient beaches. Besides trenching and dredging, the process of digging out 
the peat is used on these plains. The layers of peat and clay are removed and the 
hole is filled with calcareous sand, generally taken from the recent dunes. This 
treatment also gives good results but, like trenching, is very expensive. It re- 
quires much labor, and pumping the subsoil water is also very costly. The total 
costs are about the same as those for trenching. 

The recent dunes, likewise, are subjected to excavation of sand and impro\^e- 
ment of the leveled areas. The ti'ench depth depends on the fluctuations of the 
water table, as in these dunes, in ('ontrast with the older dunes, there is no con- 
stant water level. The magnitude of these fluctuations therefore determines the 
quality of the soil after excavation. On the one hand, the soil may not be flooded 
in winter; on the other hand, the water may not sink so far in summer that 
s 3 miptoms of drought appear. 

Investigations haA'e shown that damage from lack of water' will occur if the 
1 ‘educti on-oxidation point is deeper than 1.10 m. below' the surface. This suggests 
that soils with an osOllation of subsoil water of more than 90 cm. should not be 
excavated; if they have aliead\^ been exca\mted, they w'ill be too dry in summer. 

In comparison with the excaxmtions of the ancient dunes, those of the recent 
dunes are of little importance. The receirt dunes protect the low' country not orrh^ 
frem sea water*, but also from salt. Their exea\'atiorr w'ould meair that the land 
behind the dunes w'ould be in greater danger* of salinization. The reeerrt dimes, 
ther*efoi*e, at*e excavated orrly in small areas wiiere the\" are widest. 

Sarrd fr*om the duires is used also to improi'e low heaiy (Any soils. This tiq^e of 
soil impi*ovement has been carried out on a lar*ge scale in the mai*ket-gar*dening 
district of the Westland. The sand is spr*ead over the clay soil, arrd during tillage 
some clay is wor*ked into the sarrd. Ei'entualh', the topsoil becomes a humic 
sandy soil with a low' clay content and a thickness of 60 to 100 cm. orr a subsoil 
of clay. This soil is excellent for the gi*o\ving of I'egetables. By such use of dune 
sand it is possible to (‘otrver*t tw'o poor* soils into tw'o good ones: excai'ation of a 
dry dune-sand soil will pr*odiice a moist soil, and the exca\'ated sand w'ill r*aise 
the surface level of a low'-lying heai'\' clav" soil (fig. 6). 

I'he reclamation and cultivation of the dune-sand soils ha\'e been of gr*eat 
^'alue to Dutch hor*ticultur*e. Both bull) grow'ing arrd vegetable cultivation in 
the field and under glass r*equir*e a gr*eat deal of capital per unit of ar*ea. For ex- 
ample, a he(‘tar*e of deliver*able hyacinths has a value of near*i\' 100, 000 guilder*s. 
The dune-sand soils r*eclaimed and cultivated for the growing of bulbs cover* an 
ar*ea of 5,000 hectares. In 1950 the Irull) export fr*om these soils amounted to 
mor*e than 100,000,000 guilders. Pi*ofits fr*om the growing of v'egetaliles are 
onli' slightl^^ low'er per unit of area. 


DRAINAGE AND RECLAMATION OF LAKES AND OF 
THE ZUIDERZEE 

A. J. ZUUR 

Direct ie van de Wieririgernieer (Noordoostpoldenverken') , Af deling OnderzoelA, Kampen 

111 former times many lakes occurred in low, peaty areas in the western 
part of the Netherlands. Drainage of these lakes, which were only a few meters 
deep, became possible with the invention of windmills in the I5th century. 

The first lake was drained in the 16th centiiiy, and in the 17th centuiy lakes 
of more than 5,000 hectares were drained. During the 19th century, steam 
engines proA^ided a new stimulus to drainage operations. Through their use, the 
Haarlemmermeer, a lake of 18,000 hectares, was drained. This marked the 
\ni*tual completion of lake reclamation. Lakes still in existence aie maintained 
primarily for recreational use. 

A further application of the principle of lake drainage is the reclamation of 
land l 3 dng under water along the coast. In that case, an artificial lake is created 
b\^ building a dam to enclose an area between it and the coast. This area is 
subsequentl}’' pumped dry. Naturall}'', this method is possible only along coasts 
that are but slightl}" exposed, such as those of the Zuiderzee, an inland sea in 
the north of the Netherlands. Earlier, some smaller polders Avere created in this 
way, and at present a large project is underway to reclaim five polders covering 

220.000 hectares. Two of these polders, covering 75,000 hectares, have already 
been reclaimed. 

According to Van Veen (10), the drainage of lakes resulted in land gains of 

4.000 hectares in the IGth centuiy, 32,000 in the 17th century, 14,000 in the 18th 
century, 72,000 in the 19th century, and 82,000 in the 20th centuiy. This last 
figure includes the 75,000 hectares gained from the Zuiderzee. The areas reclaimed 
in this way are shown in figure 1. 

PRINCIPLE OF FORMATION AND DRAINAGE OF POLDERS 

Dutch lakes and the Zuiderzee not only help drain the siirrounding countiy 
but they also serve navigation. These interests must be considered in any scheme 
of reclamation. An encircling canal is generally left, therefore, around the new 
polder. This canal remains a part of the boezem system to which the lake be- 
longed before it was drained. Thus drainage of the surroundings and navigation 
are maintained. The pumping station of the new polder also can pump its water 
into the circular canal. 

As the bottoms of Dutch lakes and of the Zuiderzee are usually 3 or 4 m. beloAA" 
sea level, a strong pumping station is needed. This pumping station is required 
not only for initial drainage but also for subsequent removal of excess Avater. 
Part of the rain fails to evaporate, and as this Avater cannot fioAv from the polder 
into the sea, it must be pumped out. Generally about 300 mm. has to be removed 
yearly. 

^ Research Department Noordoostpolder Authority. 
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As the bottom of the lake is usually flat or is gently sloping from the shore 
toward the center, leveling is unnecessary. On the other hand, there is only a 
limited natural flow to the pumping station, and an extensive S3^stem of water- 



Fig. 1. Land Gained in the Netherlands by Draining Lakes and Parts of the Zui- 
derzee AND BY Coastal Embankments 

ways is necessary to cany off the excess water. In large polders the higher parts 
ha\-e their own system of canals at a higher leN'el to reduce tlie (‘ost of pumping. 

As a rule, a polder has one or more main canals, in which the pumping station 
maintains a constant water level. In polders used for arable farming this level is 
usually 1| m. below the surface of the lowest parts of the polder. Laterals flow 
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into the main canals. In the Zuiderzee polders they are spaced 1,600 to 2,000 
m. apart (fig. 2). Roads are laid out between the laterals. Main ditches,^ 300 
m. apart, are dug at right angles to the lateral canals. Field ditches^ or tile drains, 
8 to 24 m. apart, empty into the main ditches and ensure drainage of the individ- 
ual fields (fig. 3). 
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Pig. 2. Map of the Second Zuidbezeb Polder (Noordoostpoldeh) 


GENERAL CHARACTERISTICS OP POLDER SOIL 

The bottom of the Dutch lake polders is generally composed of young silt or 
of old sea clay. 

The young silt settled on the spot and remained under water until the drain- 
ing was finished. It is found mainly in the Zuiderzee area. The texture may range 
from fine sand to clay, according to the sedimentation conditions. Where water 
movement was strong, as in the narrow northern part of the Zuiderzee, the bot- 
tom IS sandy. In the quiet basin of the Zuiderzee, clay was deposited. 

The old sea clay is a formation of tidal fiats, deposited thousands of years ago 


» In the Zuiderzee polders these main ditches are about 4 m. wide and m. deep. The 
water level in the laterals is kept so low that the main ditches run dry in summer. 

3 In the Zuiderzee polders the field ditches are 1.15 m. wide and 60 cm. deep. They are 
replaced by tile drains several years after the mitial reclamation. 
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along what was then the coast but which is now farther inland because of a 
subsequent rise of several meters in the level of the sea. The texture of this old 
sea clay is heterogeneous, varying from loamy sand to heavy clay. The soil of 
the reclaimed lakes consists mainly of this old sea clay, as does that of one of 
the Zuiderzee polders. 

In some of the drained lakes the old sea clay is still covered by remnants of 
peat. This peat developed on top of the clay. Subsequently, most of it was re- 
moved by digging and by wave action. Reclamation of these peaty areas is 
described elsewhere in this issue. 

Like all recent marine deposits in the Netherlands, the young silt is rich in 
CaCOs. If it is clayey it contains about 10 per cent CaCOs. Part of the old sea 


; 300 m. — 

LATEQAL CANAL 



Fig. 3. Standakd Pabcel in the Noobdoostpoldbr 

clay is rich in CaCOs; in fact, clayey sediments usually contain about 15 per 
cent CaCOs. The old sea clay, however, also includes a soil type poor in CaCOs 
(katteJdei, or cat clay). 

In estimating the agricultural potentialities of the newly drained areas, a 
knowledge of the clay content is very important. Almost all properties of the 
soil are closely correlated with the clay content. Table 1 shows the average 
contents of some important constituents of the soil. As the composition of the 
young silt and that of the old sea clay are very similar, in general, average values 
are given except for moisture and sulfur contents. 

The heavier soils contain no sandy material coarser than 100 The content 
of particles smaller than 2 ^ forms two-thirds of the percentage of particles 
smaller than 16 ju. This proportion is a constant property of Dutch marine soils (2). 
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DRYING OF DRAINED SOILS 

In a sandy soil saturated with water, the moisture content is about 25 gm. 
per 100 gm. of dry matter. In water-saturated normal clay soils the moisture 
content is higher, though it seldom exceeds 35 gm, per 100 gm. If these figures 
are compared with those in table 1, it appears that the young polder soils retain 
a much larger quantity of water. The difference increases with increasing clay 

TABLE 1 


Composition of Zuiderzee-bottom soils just after being drained 
In grams per 100 gm. dry soil 


TEXTUSE- 

CLASS 

CLAY* 

Huirosf 

MOISTURE CONTENTJ 

SULEU»§ 

AVAILABLE K3O Y 

AVAILABLE 

PaOill 

Young 

silt 

Old sea 
clay 

Young 

silt 

Old sea 
clay 

1 

3 

0.5 

29 

27 



0.010 

0.007 

2 

6 

0.9 

38 

34 

0.1 

0.4 

i 0.017 

0.010 

3 

10 

1.5 

50 

44 

0.3 

0.6 

0.025 

0.014 

4 

1 20 

2.7 

80 

68 

0.4 

0,1 

0.047 

0.025 

5 

30 

3.9 

no 

92 

0.5 

1.3 

0.068 

0.035 


* Particles <2;x (determined by the method of the International Society of Soil Science), 
t Determined by dry combustion. 
t Determined by drying at 105 °C. 

§ Sulfur compounds soluble in a mixture of HCIO* and HNOi and calculated as S, 

^ Determined as KjO soluble in 0.1 N HCl after the carbonates have been dissolved. 

11 Determined as P 2 O 6 soluble in 1 per cent citric acid after the carbonates have been 
dissolved. 


TABLE 2 

Moisture content^ in spring, of a soil reclaimed from fresh water 
In grams per 100 gm. dry soil 


LAYER 



MOISTURE CONTENT 



First year 

1 year after 
drainage 

3 years after 
drainage 

5 years after 
drainage 

9 years after 
drainage 

cm. 

0-20 

95 

61 

49 

30 

28 

20-50 

95 

72 

60 

55 

40 

50-80 

1 95 

95 

85 

80 

75 


content. At a clay content of 30 per cent, for instance, the difference amoimts to 
about 75 gm. 

The high moisture content of the clayey Zuiderzee-bottom soils is due primarily 
to the flocculent character; the high pore volume of this structure is entirely 
filled with water. As a rule, the structure of this flocky mass is stable enough to 
prevent a loss of water by drainage. Evaporation, however, may lower the 
water content, and as a result, the soil will shrink, crack, and crumble. 

Drying starts in the topsoil and proceeds gradually deeper into the profile. 
The process takes a long time, but even in the final stage the moisture content 
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of the subsoil will still be higher than that of the upper layers. In the latter, the 
drying proceeds so far that crumbs are formed. At greater depths, coarser crumbs, 
prisms, and columns are found successively. At a still greater depth, large cracks 
occur. During the first centuries after draining, no drying of any importance 
occurs below If m. (4). As indicated by the data in table 1, the process will be 
more intensive as the clay content increases. Where the clay content is lower 
than 8 per cent, shrinkage and crack formation are of no importance. 

The process of drying depends upon several factors. Just after the draining of 
a new polder, when the land is still bare, the loss of water is due entirely?' to evap- 
oration. Later, the drying, especially in the subsoil, depends mainly on trans- 
piration, a process that is greatly stimulated by dry summers. Table 2 indicates 
the rapidity of the drying process in the young silt. 

Effect on permeability 

The process of drying is very important for the improvement of the permeabil- 
ity of the heavier soils. The permeability of the sandy soils is determined by the 
size of the pores betw^een the grains. For the sands occurring in the Zuiderzee 
polders, the permeability— K from Darcy’s equation — ranges from about 0.3 
to 5 m./24 hours. The permeability of sandy soils undergoes very little change. 

Just after drainage, the heavier soils form a compact mass, the pores of which 
are so small that the soil is almost impermeable. The process of drying, however, 
causes the formation of cracks, wdiich will increase the permeability and also 
the water-storing capacity. As many cracks appear in the heavy soils after a 
number of years, the permeability is raised to as much as 100 m./24 hours. Where 
clay contents are lower, permeability is less. Permeability is least in soils with a 
clay content of 4 to 8 per cent, which is sufficient to block the pores between 
the sand particles but too small to cause extensive cracking. 

Relation to subsidence 

The drying process also causes subsidence, which may amount to as much as 
1 m. in the heaviest young silts. Soils of lower clay content show less subsidence, 
and the phenomenon is of no importance in soils with a clay content of 10 per 
cent or less. 

Besides shrinkage caused by drying, there is another cause of subsidence. 
The upward pressure in the layers that lie above the water table ceases after 
drainage. As a result, these layers exert a heavier pressure on the subsoil. In 
clay soils the resultant increase in compactness of the subsoil usually does not 
exceed 5 per cent; peat soils, however, may be compressed 10 or 20 per cent. 

Before draining, it is desirable to have an idea of the amount of shrinkage to 
be expected, as the height of the future polder level is closely related to this 
process. This future level determines the size of several kinds of hydraulic works, 
such as the level of lock bottoms and the height of canal linings. 

Usually subsidence is an undesirable phenomenon in polders, as it increases 
the depth of the polder and the costs of pumping. In areas of unequal subsidence, 
the flow of wmter to the pumping station may be hampered. It may also become 
difficult to fix a polder level that will meet the requirements of all kinds of soil. 
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CHEMICAL COMPOSITION OF SOIL 

Chlorides 

Through diffusion, the soil moisture of land covered with water has the same 
composition as the water on top. Thus in lakes in the interior, the soil does not 
contain salt. In areas reclaimed from the sea, however, the soil is saline. This 
salt consists of 85 per cent NaCL As shown in table 1, the moisture content of 
the soil increases in proportion to the clay content; clay soils reclaimed from the 
sea, therefore, will contain more salt than the sandy soils. If the sea water has a 
concentration of 20 gm. of NaCl per liter, heavy clay soils will contain about 2 
per cent NaCl, and sandy soils, 0.5 per cent. 

TABLE 3 


Salt content j in spring , of a soil reclaimed from the sea 
In grams per liter soil moisture 


LAYER, CM. 

NaCl CONTENT 

First year 1 

1 

1 year after 
ditching 

2 years after 
ditching 

3 years after 
ditching 

4 years after 
ditching 


Sandy soil 


0-5 

5-20 

20-50 

50-80 

12 

24 

21 

20 

1 

4 

15 

20 

1 

0 

1 

4 

1 

1 

1 

1 


Clay soil 

0-5 

18 

8 

1 

3 

0 

5-20 

21 

9 

2 

1 

0 

20-50 

19 

15 

6 

4 

1 

50-80 

18 

18 

13 

10 

5 


Under good drainage conditions, for example where field ditches are 10 to 20 
m. apart, the wet Dutch climate will soon leach out the salt completely. This 
process is more rapid in sandy soils than in clay soils. 

During summer there is a certain capillary rise of salt to the surface, but this 
rise is of little importance compared with the leaching during the winter months. 

Table 3 gives some figures on the rapidity of desalinization. In the Netherlands 
the salt concentration of the soil moisture is often taken as a measure of the 
salinity of the soil. This concentration, used in table 3, has some advantages over 
the salt content per unit of diy matter (11). In the cases mentioned in table 3, 
the first winter after ditching was dry (150 mm. rainfall), the next, wet (348 
mm.). 

Cultivation need not be delayed until the soil is wholly free from salt. For 
planting, a concentration of 3 gm. NaCl per liter soil moisture in the topsoil is 
frequently adopted as a limit, though under favorable conditions a higher con» 
centration is permissible. 
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Sulfates 

Before drainage, the soil is in an anaerobic condition. In this environment, 
sulfate-reducing bacteria oxidize the organic matter of the soil with the aid of 
the gypsum in the sea water. Thus sulfate is reduced to sulfide, which reacts with 
the iron in the soil. If the organic matter is designated as CH 2 O, the equation is 
as follows: 

4 Fe(OH )3 + 4 CaS 04 + 9 CH 2 O = 4 FeS + 4 Ca(HC 03)2 + CO 2 + 11 H 2 O 

Gradually a large part of the black FeS becomes FeS 2 , and elementary sulfur 
also is formed. Then the black color may disappear, as in old sea clay soils. 

Thus, a large amount of sulfur accumulates in the soil. This accumulation is 
proportional to the clay and humus contents. After drainage, most of the pyrite 
oxidizes; the H2SO4 formed reacts with the CaCOs, and CaS 04 is formed: 

4 FeS + 6 H 2 O + 3 O 2 - 2 S 2 + 4 Fe(OH)3 
S2 + 2 H2O + 3 O2 = 2 H2SO4 
H2SO4 + CaCOs == CaS 04 + H2O + CO 2 

Such a large quantity of gypsum is formed that for some years the soil solution is 
saturated with gypsum. Even crystallized gypsum occurs in the soil. As the oxi- 
dation of pyrite is a gradual process, it takes about 6 years for the sulfate content 
of the topsoil moisture to drop below 0.7 gm. per liter, corresponding to 1 gm. 
gypsum per liter. 

After drainage, disappearance of the black color of young silt soils is a good 
indication of the development of aerobic conditions in the profile. It takes about 
4 years for this black color to disappear from the upper 50 cm. 

Exchangeable bases 

Because of saturation with sea water, the absorption complex of soil reclaimed 
from the sea contains a rather large amount of sodium. One might think that 
after drainage and leaching of the salt, soil stmctural difficulties would arise. 
But because of the large amount of gypsum formed after drainage, the concen- 
tration of salts in the soil moisture remains sufficiently high to keep the complex 
flocculated. Moreover, the CaS 04 rapidly changes the sodium clay into calcium 
clay. Table 4 illustrates this change in a polder the soil moisture of which con- 
tained 22 gm. of NaCi per liter. Four years after ditching, the NaCl content had 
dropped to 2 gm. ; and since the fifth year, the soil has been almost free from 
salt. 

Of the Zuiderzee polders, only the first was reclaimed from salt water. When 
this polder was constructed, the Zuiderzee was still a salt water bay. To facili- 
tate the formation of the other polders, however, this bay was cut off from the 
North Sea by means of a dam. The lake thus formed soon became a fresh water 
basin because of the inflow of rivers. At Ioav tide the water of the lake can be 
drained into the North Sea through sluices in the darn. When the water of the 
lake had become fresh, the NaCl of the bottom diffused into the fresh water 
above. As a consequence, the equilibrium between the soil moisture and the 
absorption complex was upset. 
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As the soil contains CaCOs, which is slightly soluble, there is a tendency to 
replace the exchangeable sodium by calcium. The calcium, dissolved from the 
CaGOs, is fixed in the soil, and the exchanged sodium diffuses into the fresh 
water above as Na 2 C 03 . Thus the solution of CaCOs and the exchange of calcium 
for sodium continues. This process is promoted by the extreme fineness of the 
CaCOs and the abundance of water. Except for the first polder of the Zuiderzee, 
more than 10 years was available for this process. It is no wonder, then, that in 
the Noordoostpolder, which was created some years after the water of the lake 
had become fresh, the soil contained only a small quantity of exchangeable 
sodium. 

TABLE 4 


Exchangeable cations in the topsoil of a polder reclaimed from salt water 


TIME 

Ca 

Mg 

K 

Na 


% 

% 

% 

% 

Just after draining i 

17 

35 

9 

39 

4 years after ditching ! 

73 

17 

5 

5 

7 years after ditching 

82 

10 

6 

2 

Final situation 

87 

8 

4 

1 


SEEPAGE 

As the water table in the polders lies several meters below that of the sur- 
rounding country, water tends to flow through the subsoil into the polder. TMs 
flow often takes place through the deeper subsoil, which in the Netherlands's 
usually composed of highly permeable sand of Pleistocene age (fig. 4). 

Because of the high permeability of this deeper subsoil, the influx of seepage 
waters depends mainly on the thickness and permeability of the overlying 
Holocene layers. Usually these layers are partly composed of heavy clay, which is 
rather impermeable if it is uncracked, as is generally the case below If m. Then 
seepage is of little importance. 

In polders where the Holocene layers are thin or even absent, seepage is 
stronger. It may be so strong that from an economical point of view it is impos- 
sible to drain the lake and keep it dry. In that case, the work has to be aban- 
doned. Such a case actually occurred in the Netherlands, 

In most polders, seepage amounts to 100 to 300 mm. a year. In some polders, 
however, this figure is as high as 15 mm. a day. AH this water must be removed 
by pumps. 

Seepage water does not rise with the same speed in all parts of the polder. 
Generally, seepage is especially great along the borders; moreover, it may occur 
in the central part in places where the covering layers have a higher permeability 
owing to sandy strips in the subsoil. 

Most of the seepage water finally flows into the canals, but part of it comes to 
the surface in the fields. If seepage is small, only the processes of drying and 
ripening of the soil are hampered, and consequently the permeability of the 
soil remains low. When seepage is greater, much of the water is carried off by the 
tile drains. Seepage must be very great, however, before its agricultural conse- 
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quences get beyond the control of tile drain systems. In such cases, the soil is 
put under grass, which is not so sensitive to a high water table. 

Sometimes seepage waters contain Fe(HC 03 ) 2 , which oxidizes in the tiles to 
Fe(OH) 3 . This compound is deposited in the tiles and often clogs them. 

The greatest difficulties are caused by salt seepage waters. In normal soils, 
capillary rise is of little importance. In soils showing seepage, the capillary water 
movement, however, is maintained by the seepage water. If this is salt, so much 
salt may rise to the surface that it is no longer negligible as compared with the 
quantity that can be leached during the following winter. In such patches, de- 
salinization is a slow process; in the worst cases, desahnization has still been 
incomplete 20 years after drainage. 

EMBANKMENT OF THE 


mSBLNEEl^ 



RECLAIMED POLDER 


\ TO Snrx CLAY AND PEAT OF 
RATHER LOW PERMEABILITY 


200nn. OF permeable sand 


IMPERMEABLE SUBSOIL 


GROUNDWATER CURRENTS 


Fig. 4. Seepage into the Zuideezee Polders 
DITCHING AND TILING 

The smallest units in a drainage system in a new polder are field ditches or tile 
drains. The construction of these small waterways is very important from the 
standpoint of soil science, as they promote drying of the soil indirectly by pre- 
venting formation of pools. From an agricultural standpoint they are indispen- 
sable to putting the polder under cultivation. This is readily understood in the 
case of a soil reclaimed from the sea. It is only after leaching of the salt, a process 
which requires good drainage, that planting becomes possible. For nonsaline 
soils, also, good drainage is important. In the beginning, the soils have a weak 
structure, and in case of excess water it very soon becomes impossible to travel 
over the land with implements. Moreover, in the beginning, the soil has a very 
low moisture-storing capacity. Pools are easily formed, causing a collapse of soil 
structure. 
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Because drainage by field ditches and tile drains is a veiy important part of 
the reclamation, many investigators have studied the subject of drainage and 
permeability of the polder soils (5, 8). 

Because of labor shortages, it is impossible to provide tile drains immediately 
in a newly drained polder. Moreover, soil conditions often do not permit trans- 
port of heavy tiles. Therefore, after the excavation of canals and main ditches, 
digging of field ditches is the first operation. These field ditches have another 
advantage over tile drains: they allow the surface water to flow away rapidly and 
thus prevent formation of pools in the initial stage of reclamation when the soils 
still are low in permeability. 

On sandy soils, the space between the field ditches varies from 8 to 50 m. 
according to the fineness of the sand and the thickness of the sandy layer. On 
soils with a clay content of 4 to 8 per cent, which are very low in permeability 
and will not improve by cracking, the distance between the field ditches is 8 m. 
A shorter distance would be desirable but not practical. As a rule, heavier soils 
are cracked to some extent by the time they are put under cultivation. In such 
soils a distance of 12 m. will suffice. Afterward, when the formation of cracks 
has advanced farther, the distance between the field ditches may be greater. 

After some years, the field ditches are replaced by tile drains. Because of the 
continued increase in the permeability of heavier soils, the tile drains can be 
laid farther apart than the field ditches, sometimes at a distance of more than 
30 m. 

Lately, it has been possible to increase the distance between the tiles on the 
very impermeable soils with a clay content of 4 to 8 per cent. Thi4may be done 
by breaking the soils to a depth of 80 cm. every 2 or 3 m. with a subsoiler. In 
such cases the distances between the tile drains may be increased from 8 to 12 
or 16 m. 

EECLAMATION OF THE NEW LAND 

In the initial stage of the draining of a lake, pumping is very easy. As the level 
of the water sinks, however, the flow of water becomes more difficult. To improve 
this flow, the main canals are generally dredged before or during the pumping out 
of the water. During the last stages of the pumping, however, the main canals 
silt up and have to be redredged more than once. As the main canals are present 
from the beginning, the rain water, too, can flow from the surface, and in spring, 
when evaporation starts to exceed rainfall, the surface can dry rather quickly. 

After drainage, the soil is entirely saturated with water and is so weak struc- 
turally that it is impassable, except in sandy parts. This condition prevails during 
the first winter. The next summer the top layer dries so thoroughly that it will 
support machinery mounted on caterpillars. Seepage areas, however, remain 
impassable. 

Then the laying out of a drainage system is the first concern. Lateral canals 
and main ditches are dug by means of draglines, separating fields of 800 by 300 
m. (fig. 3). These fields are further drained by ditches 60 cm. deep, which are dug 
with large plows. 

If the soils are saline, 1 or 2 years should elapse between digging of the field 
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ditches and planting of a crop. Nonsaline soils can be planted immediately after 
ditching. 

If planting is done shortly after drainage, it presents few difficulties, as the soil 
is still bare. Moreover, the uppermost layer has a crumbly structure and provides 
a good natural seedbed. The reclamation of larger areas is a time-consuming 
process, however, for it is usually impossible to reclaim more than 10,000 hectares 
a year. In the later stages, the soils that are not yet reclaimed become covered by 
a dense natural vegetation. In the Noordoostpolder a dense vegetation of reed 
(Phragmites communis) developed. Before a seedbed could be prepared, this vege- 
tation had to be removed, then repeated plowing was necessary. 

Other agricultural activities do not differ much from those followed on normal 
Dutch soils, although, because of labor shortages, the work is highly mechanized. 
Cereals occupy a prominent place in the crop rotation, and the growing of clovers 
is of great importance. The large number of field ditches presents a serious 
obstacle to farming. The ditches, therefore, are replaced by tile drains as soon as 
possible. 

In addition to the construction of the drainage system, a large number of other 
operations must be carried out. The more extensive the area to be drained, the 
more urgent is the need for roads, farm sheds, and barracks for the laborers. All 
the work on smaller polders can be directed from the surrounding areas and 
a large part of the reclamation can be done by neighboring farmers. In the 
Zuiderzee polders, each with an area of 50,000 hectares, special provisions have 
to be made. In such cases, a special agency must be established for the reclama- 
tion work. This agency also directs the colonization, that is, the planning and 
construction of villages and farms, the leasing of land, and social organization. 
Such large-scale projects can be operated only by the government. 

Putting sandy areas under cultivation presents a special problem. As flat 
sandy areas are subject to wind erosion, reclamation work is usually done during 
the rainy period, straw is used to prevent blowing, and the reclaimed sandy soils 
are put under grass. 

In a polder, the clayey soils generally occupy the larger part. The level of the 
polder waters is, therefore, adapted to the requirements of these soils. Generally 
it lies more than 1 m. below the soil surface. At this level the moisture content of 
sandy soils is too low for good growth of crops, and the water table is raised arti- 
ficially and maintained at a higher level through subirrigation (6). Water is let 
into the main ditches and penetrates the soil by way of the tile drains. As the 
polder surface lies at a lower level than the surrounding land, water can be easily 
drawn in. Of course, a system of ditches, sluices, and weirs is required to dis- 
tribute the water and prevent a useless flow to the polder canals at a deeper 
level. 

Once all the soil has been put under cultivation, the farms have been built, 
and the social organization of the polder is complete, the soil is leased to farmers. 
Each holding comprises 10 to 50 hectares, most commonly 24 to 36 hectares. 
Sandy soils are used mainly for grassland; the more clayey soils, for arable land. 
The latter soils are very fertile: a hectare will produce 4,000 kgm. of wheat, 
4,000 kgm. of oats, 25,000 kgm. of potatoes, or 45,000 kgm. of sugar beets. 
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TOE OF FERTILIZERS 

As shown in table 1, the phosphorus content of sandy soEs is so low that, from 
the very beginning, the phosphorus requirements of crops must be met through 
fertilization. On the heavier soils also, a small amount of phosphate is required. 
Sandy soils can do without potassium fertilizer for several years; the more clayey 
soils, for several centuries. Liming is unnecessary because of the high content of 
CaCOs. As a rule, no microelements are needed, though on very sandy soils in 
the Zuiderzee polders Mn deficiency was noted, and cattle, grazing on sandy 
grassland, in some areas showed symptoms of Cu and Co deficiencies. 

The nitrogen economy of the drained soils is very complicated. On normal 
Dutch clay soils, formation and decomposition of organic matter are in equilib- 
rium at a certain level, and therefore the humus content of a certain soil appears 
to be constant. The soil type determines the level of this “equilibrium humus 
content.” Since the nitrogen content of the humus is nearly constant, humus need 
not be taken into account in considering the nitrogen balance. As to the other 
factors in this balance, there are gains due to the activity of Azotobacter and 
Rhizohium and losses due to leaching and cropping. The result is insufficient 
nitrogen for optimal plant growth. Nitrogen fertilization is therefore required. 
For wheat, the equivalent of 40 kgm. pure N per hectare is normally applied. 

In younger soils the amount of nitrogen avaEable for plants is smaller for 
several reasons. First, the number and the activity of the Azotobacter are lower. 
Second, nitrogen seems to become fixed in the soil in some way. Possibly, the 
initial nitrogen content of the humus is below normal, and decomposition may 
perhaps furnish less nitrogen than is required for the formation of new humus. 
It may also be that the humus originally present is very stable, so that formation 
of humus exceeds decomposition. 

Unquestionably, the young soils have larger nitrogen requirements, for during 
the first years about 40 kgm. more N, in the form of NO3, must be applied for 
wheat than on the corresponding normal soEs. Nitrate is far more effective than 
ammonium nitrogen. 

The nitrogen requirements can be met by growing clovers, which supply an 
excess of nitrogen. Moreover, repeated growing and plowing under of clovers 
results in more normal soil conditions. 

Not all young soils show nitrogen fixation. Some soils, in fact, produce a con- 
siderable amount of nitrates. This has been noted on soEs recently deposited, 
where the organic matter is still fresh and readily decomposable. As a rule, these 
soils show a higher humus content than the “equilibrium” previously men- 
tioned. 

CAT CLAY 

The young silt of the Zuiderzee polders and most of the old sea clay are rich 
in CaCOg. Some old sea clay soils, how^ever, have lost their CaCOs or never 
possessed it. In these soils, sulfides have accumulated. The H 2 SO 4 and FeS 04 , 
formed by oxidation after drainage, cannot be neutralized by CaCOs, and the 
soils become extremely acid. Van Bemmelen (1) and Van der Spek (9) have done 
much detailed research on these acid, or cat clay, soils. The following comments 
are based on their investigations. 
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In these cat clay soils pH values of 1 or 2 occur, though values of 2 or 3 are 
more common. H2SO4, FeS04, and Fe2(S04)3 extract the exchangeable bases 
from the complex and also attack the clay fraction. As a result, Al2(S04)3 also 
appears in the solution. Moreover, hydrolysis of the Fe2(S04)3, a compound 
hydrolyzing at a lower pH than Al2(S04)3, occurs, and a lemon-colored basic iron 
sulfate is formed. This is deposited along cracks and root fissures. Initially, the 
basic iron sulfate contains a rather large amount of H2SO4; because of the con- 
tinued hydrolysis, this amount decreases gradually to a proportion of 1 Fe203: 1.3 
SO3. In this process large quantities of aluminum and iron compounds leach from 
the soils and are deposited in the ditches or in the tile drains. 

Cat clay soils are so acid that no plants can grow on them, and polders in 
which this type of soil occurs over large areas give very poor yields initially. Huge 
quantities of lime are required for neutralization of the cat clay soils. It is best to 
apply this lime only after most of the soluble acid compounds have been leached 
out. Usually 30,000 kgm. of CaCOs is needed per hectare. 


TABLE 5 

Number of microorganisms in saline and salt-free soilsj as determined by the plate method* 

In millions per gram of soil 


AFXEB DRAINAGE 

First year 

1 year after 
drainage 

2 years after 
drainage 

3 years after 
drainage 

4 years after 
drainage 

5 years after 
drainage 

8 years after 
drainage 

Saline 

0.04 

0.3 

9 

25 

31 

39 

46 

Salt-free 

1 

11 

20 

45 

70 

80 

80 


* Method of Waksman. 


In many places, the acid layers are thin and the subsoil contains CaCOs. It is 
possible, then, to neutralize the acid topsoil by mixing it with the calcareous sub- 
soil. 

If lime is not applied, the pH of the soil increases gradually as a result of con- 
tinued leaching of acid compounds and absorption of basic cations from ferti- 
lizers. This makes possible some arable farming, though it may be poor. 

BACTERIAL POPULATION 

Before drainage, the soils of the polders have a bacterial flora the larger part 
of which is adapted to the prevailing anaerobic conditions. Bacteria of culti- 
vated soils also appear in small numbers in the topsoil; in salt-free soils this 
number is larger than that in saline soils. 

After drainage, the numbers of bacteria increase rapidly, as shown by the 
data of Harmsen (2) and Van Schreven (7), quoted in table 5. This table shows 
that the bacterial flora develops rapidly after drainage. In saline soils, develop- 
ment proceeds less rapidly than in salt-free soils; in the former, marked develop- 
ment begins only after most of the salt has been removed by leaching, usually 
in the third year after drainage. The number of bacteria present after 8 years is 
about the same as in comparable older soils. 
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Table 6 shows total bacterial numbers. Not all species, however, will develop 
equally rapidly. Azotohacter, for example, develops much more slowly than the 
other species. A special problem is presented by the Rhizobia. After drainage 
these bacteria usually are scarce, except in small polders and in the larger 
polders along the former coast. The Rhizobium meliloti group is virtually absent. 
Natural development proceeds so slowly that it is necessary to inoculate the seed 
of Medicago saliva and M". lupidina. 

The Rhizobium trifolii and R. leguminosarum groups are present in such 
large numbers and spread so rapidly that, after 3 years, inoculation is no longer 
needed for clover and peas. For the first crop of alfalfa, however, inoculation is 
necessary even in later years. 
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EMBANKMENT AND CULTIVATION OF MARINE FORELAND 

B. VEEHOEVEN 

Directie van de Wieringermeer (Noordoostpolderwerken) ^ Af deling Ondetzoe'k?- ^ Kampen 

In the northern part of the Netherlands, shoreward of the Wadden Islands, 
and in the south, the area of large estuaries, sedimentation along the coast is a 
common feature. This deposition is due to the rather high clay content of the 
water, especially in stormy weather, and to the weakness of the currents at the 
height of spring tide. The origin of the sediments has not yet been determined. 

The poldering of coastal accretions started about 1,000 years ago. This method 
of developing land was possible because the foreland builds up to a level some- 
what above that of average high tide. Thus the new land could be easily drained 
at low tide by discharging excess rain water through sluices. The mean tidal 
amplitude varies from about 150 to about 280 cm, in the Wadden area and from 
about 150 to about 400 cm. in the estuary region. 

Formerly the embanking was done by individual farmers who had acquired 
property rights to the foreland bordering on their farms. Nowadays, nearly all 
parts of the coast where land buildup may be expected are owned by the state, 
and poldering is a state enterprise. 

MOEPHOLOGY 

There is marked difference between the accretions in the south and the fore- 
lands in Groningen. In the south, in the Province of Zeeland, sedimentation takes 
place naturally on those spots where the clay content of the water is sufficient 
and the water quiets down at high tide. The forelands in Zeeland, locally called 
schorren, are traversed irregularly by creeks bordered by levees. The levee soils 
are sandier than the basins, which are farther from the creeks. Thus the foreland 
soils may form an intricate pattern of heavy and light soils. 

In Groningen, where the foreland is called kwelder, the accretion of land is 
artificially accelerated. Squares of 16 hectares are laid out along the coast by 
means of small dams (fig. 1). In the basins thus formed, the water quiets at the 
turn of high tide and the clay particles settle. An extensive system of small 
ditches ensures rapid evacuation of the water after high tide and consequent 
drying of the freshly deposited sea mud. This protects the mud against scouring 
action during the next high tide. The small ditches are filled rapidly and have 
to be cleaned out a few times a year. This work is costly because of the labor 
involved, but nowadays, the small ditches are dug and cleaned mechanically. 

In many places, the foreland slopes gently toward the coast; in other places, 
the reverse is true. The direction of the slope depends on the process of formation 
and on the age of the foreland. 

VEGETATION 

The flora of the lowest bare mud consists entirely of a film of algae. The next 
belt offers a good environment for Salicornia herhacea, though this halophyte 

^ Research Department, Noordoostpolder Authority. 
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often does not form a continuous cover. When the foreland has built up to 
such a level that flooding occurs only at spring tide, Puccinellia spp, become 
dominant. On the highest spots is found a vegetation mosaic in which OMone 
portulacoides, Triticum litorale, Artemisia maritima, or Festuca ruhra may be domi- 
nant. 

In 1924, Spartina Townsendii was imported into the Netherlands from south- 
ern England. It often forms a continuous cover in the Salicornia zone and grows 
readily about 20 cm. above low tide level, where it promotes sedimentation of 
clay through its rapid growth and rich foliage. >Spar^ma has spread rapidly since 
1924 and is now common in Zeeland. 



Fig. 1. Sedimentation Basins Along the Coast in the Noeth of the Netheelands 

On the high forelands in the brackish regions, Phragmites communis sometimes 
forms a dense vegetation. 

SOIL CONBITIONS 

Nearly ever 5 rwhere in the foreland the clay content of the soil diminishes with 
increasing depth. In some spots this transition is very gradual; elsewhere there is 
a sharp boundary between clay or clay loam and the underlying sand. If such a 
boundary occurs high in the profile, it forms a serious obstacle to the root systems 
of agricultural crops, particularly in soils with a coarse subsoil. The origin of these 
profiles is clear, because there is a close negative correlation between the level of 
the forelands and the rapidity with which the water runs over them. Because of 
this correlation, the deposition of clay particles increases with the growth of the 
foreland. Usually the clay content of the soil and the thickness of the clay cover 
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increase in the direction of the old coast. In these young marine clay soils two 
thirds of the < 16 /X fraction consists of <2 iii particles. 

The content of organic matter shows a positive correlation with the clay con- 
tent, the former being nearly 10 per cent of the latter (fig. 2). After embankment 
and subsequent cultivation of the forelands, the organic matter content decreases 
to a rather constant level, nearly independent of the clay content. 

The CaCOa content also is correlated with the clay content (fig, 2 ), but with 
the same clay content the amount of CaCOa decreases from south to north. 




Fig. 2. Eblation Between Clay Content and Some Othee Soil Constituents in the 
Topsoil op Marine Forelands in the South op the Netherlands 


The amounts of available K and PO 4 are rather high and likewise depend on 
the clay content (fig. 2 ). On old and high forelands, however, the amount of 
available PO4 may decrease before poldering. 

The permeability of the bare mud is nearly zero. That of a fcwelder covered 
with vegetation is usually very high in the topsoil, especially in the heavy clay 
soils, but decreases with increasing depth. 


EMBANKMENT 

When the accretions have almost reached their ultimate level and the surface 
of the kwelder has become large enough, embankment can be carried out. If 
possible, the dam is built somewhat back from the edge of the kwelder so that 
some foreland clay remains available for repairing damage caused by storms. A 
sluice is built in the dam to discharge excess water. Behind the sluice, a basin 
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may be constructed which is filled at high tide and emptied suddenly at low tide 
to scour the mud out of the creek in front of the sluice. 

A new polder commonly deprives some older polders of their outlets. Then the 
water of the hinterland must be evacuated through the new polder. In that case, 
the water courses and the new sluice must be built much larger than is required 
by the newly dammed polder. So as not to hamper the discharge of water from 
the rearland, the sluice and the main canal must be finished at the same time as 
the dam. Afterward the secondary ditches are dug, and the roads, connected with 
those in the hinterland, are constructed. 

These embanked kwelders sometimes create serious difficulties in community 
planning. This is especially true in the Wadden area, where the land has been 
extended several times with narrow strips, without the establishment of a suffi- 
cient number of villages. Today, the settlement policy of a foreland polder and 
its relation to the environment are important subjects of research. 

CULTIVATION 

After the dam has been built, the soil must be put under cultivation The 
broad creeks are filled with soil dug from the ditches, but most of the main creeks 
remain and are incorporated in the drainage system of the young polder. The 
smaller creeks are filled by plowing or are leveled with a bulldozer. This leveling 
must be done carefully to keep the sod on top of the profile. Formerly, the creeks 
were filled gradually; nowadays, the creeks sometimes are filled at once, since 
modern agriculture requires a rather flat surface. 

In former times, soil tillage was very simple. Eveiy second furrow was plowed 
very shallow. The first crop nearly always grew either in the furrows or on the 
bars. At present, tillage, like the breaking up of meadows, is very intensive and 
consists of plowing, discing, and harrowing. The depth of tillage is still no more 
than 7 to 8 cm., as the subsoil coming into the furrow slice may cause puddling. 
The Spartina vegetation, formerly unknown, as well as the Triticum Ktorale 
cover, must be mowed and burned before tillage. 

If necessary, some field ditches (about 50 cm. wide and 30 cm. deep) are dug to 
promote desalinization and maintain a sufficiently low water table in winter 
during the first years. On old and high kwelders, the rains of a single winter 
may wash out enough salt to warrant planting of the land. Generally, the em- 
bankment of some bare mud or sand is unavoidable. Cultivation of such soils 
is very similar to that of soils formed on lake and sea bottoms. 

AGRICULTURE IN THE YOUNG POLDERS 

Planting in the year of embankment is seldom possible, as the excess salt must 
first be washed out by rain. In the second summer, Brassica Napus is sown. This 
crop is grown for a second year, after which nearly all crops suited to Dutch 
marine clay soils can be grown. 

In the first 5 to 10 years, the soil is readily worked. The sugar beet is a favorite 
crop. Cereals are subject to lodging because of the large quantities of N released 
by the decomposing sod. 
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In foreland with a high clay content, phosphate fertilkers are rarely needed for 
the first 10 to 20 years, and potash can be omitted for centuries. Forelands with 
a thin clay cover or a very low clay content and embanked sandbars are of much 
lower value. 

Embankment as a means of gradually building up land is less spectacular than 
the pumping of large lakes or the reclamation of vast heath regions. Moreover, it 
is rather costly, if the accretion must be promoted by man. Since 1200, however, 
the Dutch have enlarged their country bit by bit with 233,000 hectares of former 
foreland, most of the area thus developed being excellent arable soil. 



PHySICAL PLANNING IN RECLAIMED AND NEWLY COLONIZED 

AREAS 


SJOEED GROENMAN 
XJnivermieit van Utrecht^ 

'The Lord created the world; the Dutch created their own country.^’ This 
adage is well known all over the world. Today the Dutch still create. The differ- 
ence between past and present creation lies in the way in which the new areas 
are reclaimed. 

PLANNING IN EABLY EECLAMATION PROJECTS 

Even before 1300 some land had been reclaimed. But about the year 1500, 
the Dutch became conspicuously successful in gaining land; from then on, the 
gains exceeded the losses. In the 17th century, merchants, who became wealthy 
by sending their ships to the East Indies, took the initiative in draining great 
parts of the area we now call the Province of Northern Holland. Draining in 
those years was an adventure, and in many cases, the societies of merchants and 
burgomasters lost the money they invested in the enterprise. 

The newly formed land was wet. There were no roads. Knowledge of the soil 
was superficial. Perhaps the soil contained salt and therefore provided many 
surprises for the first farmers. The sad experiences in agriculture were summar- 
ized in the old saying: “The first farmer dies, the second suffers bitterly, the third 
has his bread.’’ People also said: “They are winning the land for the third hand.” 

Up to the middle of the 19th century, the responsibility of the state was 
thought to be restricted to general adjustments to defend the land and the nation. 
These state adjustments were passive and contained no elements of planning. 
Private enterprise undoubtedly managed to create some prosperous areas, where 
farmers and others who made their living indirectly from the land were well-to-do 
people with a rather high cultural level. The present state of affairs, however, in 
areas such as the Haarlemmermeer and the Anna Paulowna polder, which were 
drained in 1862, must not mislead us about the merits of the colonization methods 
of former times. During the first years after reclamation of the polders and heaths 
the ruling factor was the struggle for life. Planning, as such, was unknown. The 
first farmers were exposed to all sorts of diseases and had no access to medical 
care; therefore, the death rate was exorbitantly high. Farming involved great 
risks in the newly cultivated areas, and many pioneers could not endure the 
economic, physical, and moral hardships of the first 10 or 12 years. In the struggle 
for life, the fittest survived, in line with the Darwinian theory. 

In Holland today it is a common conviction, not influenced by political think- 
ing but based on past experience, that the risks of the first years are too great to 
be borne by private enterprise. The State of the Netherlands, therefore, is 
playing a prominent part in the reclamation of the new land in the Zuiderzee. 

Physical planning from the early days to the end of the 19th century was very 

^ State University of Utrecht. 
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simple. One thing that had to be done was parceling the land. Each shareholder 
in any company founded to reclaim one of the numerous lakes in the Low Coun- 
tries after drainage had to be content with a definite part of the land. In the 
Netherlands, moreover, ditches had to be dug and roads built. The result was a 
rectangular-patterned land, very easily recognized on the maps. No attention 
was paid to the aesthetic effect of the landscape. No careful study was made of 
arteries of communication with the old land (as people in Holland say), nor was 
any attempt made to locate the villages efficiently. The types of farmhouses built 
in the new land varied greatly, and a hodge-podge of architectural styles met the 
eye. 

In contrast with ideas about reclamation in the Netherlands today, everything 
was left to private initiative. An over-all picture was entirely lacking. Society and 
the frame in which it could develop grew spontaneously and led to conspicuous 
faults: lack of efficient dispersion of villages and other settlements; poor distribu- 
tion of stores for the inhabitants; endless rows of dwellings along the roads, re- 
sulting in high costs of distributing goods and making a stereotyped and ugly 
landscape; poorly drawn community frontiers. 

DEVELOPMENT OP PHYSICAL PLANNING 

Physical planning started in the towns. It was called stedebouw in Dutch and 
meant the building of cities or city development. At first, only technical and 
social-hygienic factors received attention. City development in the beginning 
was not based on serious economic and social research. Not until 1930 were 
broader survej^'s made in the Netherlands, and the first of these were in Amster- 
dam and other large cities. Rural planning came later. 

From the time physical planning became associated with social research not 
only was its function broadened beyond that of a mere technical operation, but 
it became interwoven with elements of social planning. This is very clear in the 
plans made for the Zuiderzee polders. 

The Zuiderzee polders provide ideal opportunities for physical planning. The 
drawbacks that normally make it impossible to solve traffic problems or to locate 
buildings in the right spot are absent in the new land. The planners took ad- 
vantage of the opportunities offered here. In the first Zuiderzee polder, the 
Wieringermeer, planning was still primitive though much better than in the 
Haarlemmermeer. In the second polder of the Zuiderzee reclamation, the Noord- 
oostpolder, the planning is being done by team work. Students in agricultural 
sciences, hydrological experts, sociologists and economists, administrators, and 
architects are working here in close cooperation. 

The development of physical planning is revealed in the Zuiderzee polders. 
Nowhere in the Netherlands could planning — ^physical planning associated with 
social and economic planning — ^be realized more perfectly. Here planning became, 
in the true sense, building a new community. 

PURPOSES IN PLANNING THE ZUIDERZEE POLDERS 

The ends pursued in the Zuiderzee polders are threefold: first, to create a 
rural area comprising farms of an economical size; second, to create country- 
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side, in the Dutch sense of the word ; third, to create a satisfactory landscape by 
harmonioiLsiy uniting economy and aesthetics. 

As to the first purpose of polder planning, the goal of the reclamation was to 
provide fertile soils, and therefore the shape of the polders had to be deter- 
mined on the basis of sufficient knowledge of the soil. There is no sense in enclosing 
and draining infertile soils. The knowledge gathered by state scientists will safe- 
guard the first fanners from suffering as a result of lack of practical experience. 
A group of research workers examines the soils after drainage and determines 
the need for fertilizers or manure and the possibilities of mechanization for 
farms of different sizes. Data have been collected on the yield per hectare during 
the first years. The principles of land division are wholly rational. The rectangu- 
lar shape of the parcels stimulates mechanization. Careful attention is paid 
to the building of farmhouses. The state, the sole owmer of the reclaimed land, 
also builds the farmsteads, which must be practical and yet meet aesthetic stand- 
ards. Much care is given to the selection of the colonists. After 3 or 4 years of 
state management, normal private management is introduced. The future tenants 
are chosen from a great number of applicants. The state demands three quali- 
fications of these applicants: skill, financial stability, and the mentality of the 
real pioneer in new circumstances. State officials select the farmers and have a 
hand also in selecting the farmhands. 

In the Noordoostpolder, where the most modem ideas of planning prevail and 
where the mutual relationships of all aspects of planning are taken into account, 
the size of the farms will vary from about 12 to 48 hectares, with an average of 
24 hectares, in accordance with the standard parcel of this size (300 by 800 m.). 
The average farm in Holland is considerably smaller than this. To the Dutch, 
a 48-hectare farm is large; a 100-hectare farm is huge. Seventy per cent of the 
farms do not exceed 10 hectares. These are intensive family-size farms. In the 
Zuiderzee polders a large number of farmers employ farmhands. An important 
improvement over the old land is that in the new land the grounds belonging to 
one farm are in one piece. 

In the Noordoostpolder, the aspirant-farmers have seen the profits of mechani- 
zation by working for the temporary government management for a few months 
or even several years. Draglines are used for digging broad ditches, ditch plows 
for the smaller ones, bulldozers for spreading the earth thrown out of the ditches, 
and tractors for pulling broad harrows, binders, and combines. The mechanical 
equipment of the state management saves labor on a large scale. The private 
tenant naturally will try to lower his labor costs by introducing the labor-saving 
machines he has seen in operation. He has become machine-minded. It may be 
necessaiy for him to use these implements cooperatively with his neighbors. To 
facilitate this form of cooperation, the planners in the Noordoostpolder 
have seen to it that farms of the same size, and therefore of the same sort of 
management, are grouped together. 

The planned distribution of farms as to size is therefore not irregular in the 
Noordoostpolder. There is some system to it. Another element in this distribution 
of farms is their location with regard to the villages. So far as possible, the prin- 
ciple is maintained of planning the smaller farms, of 10 to 12 hectares, in the 
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immediate neighborhood of the villages to enable the tenants and their families 
to visit these villages readily. In the Netherlands the tenant or owner of a small 
holding has no car. From experience in old areas, it is expected that the small 
farms will be managed more intensively, thus requiring a larger labor force per 
hectare. By placing the smaller farms around the villages, the planners ensure 
that the greatest possible number of rural people will profit from the services 
of these near-by villages. Moreover, the clusters of smaller farms adjoining the 
villages can mutually develop an economic and cultural style of their own. 
Development of a specific economic style is necessary to avoid a breakdown. Soci- 
ologically, this means that the individuals can attain this end only by acting as 
a group. Here, very clearly, physical and social planning are interwoven. 

The second purpose of planning in the polders, creation of an ideal Dutch 
countryside is based on the existence in Holland of many villages of 500 to 1,500 
inhabitants, situated at distances varying from 3 to 6 km. In the Wieringermeer, 
these distances are about 5 km. In the Noordoostpolder they are 6 to 7 km. Great 
care has been taken to locate the villages in the Noordoostpolder at distances 
fitting the existing conditions of rural work and life. The task of the planners is 
to make the Dutch countryside. The farmhand living in a village should not have 
to travel far to the farm on which he works. The farmer’s children should not 
have to walk more than half an hour to attend the village school. The housewife 
who wants to do her shopping in the village should be able to reach the grocer’s 
or the butcher’s, the drugstore or the baker’s shop, in 10 minutes by bicycle. 
The distances pointed out for the Noordoostpolder meet the demands of rural 
life in Holland. The distances in the Wieringermeer are too short. 

Planning in Dutch rural areas is based on the use of bicycles, not cars. It is 
possible, however, that the rapid increase in the number of bicycles equipped 
with small motors will change the situation. Physical planning is a dynamic 
activity. Except for this possibility of change, the network of roads in the 
Noordoostpolder meets the demands of the rural people for short distances, and 
cycling paths have been planned to shorten the distances still more. 

There are no farmhouses or barns in the villages. The farmer lives on his land. 
The village people consist of farmhands, storekeepers, postmen, schoolmasters, 
and clergymen. Only the group called the first farmhands^ who are permanently 
connected with one particular farm, will be settled in the neighborhood of the 
farmhouses. 

All the villages are built according to a plan, both in the Wieringermeer and 
the Noordoostpolder. In future polders, this will be true also. These plans include 
streets, houses, official buildings, and shops. For each village, a little park is 
planned for recreation and as a wfind shelter. Incidentally, it is a great pity that 
through the wanton inundation of the Wieringermeer by the Germans a fortnight 
before their official capitulation, the parks in the neighborhood of the villages in 
that polder were destroyed. 

In the Wieringermeer, the villages are the largest settlements. A regional 
town would have no function in this small polder of about 200 sq. Ian. The Noor- 
doostpolder, on the other hand, covers an area of nearly 500 sq. km. In its center 
a capital, Emmeloord, was laid out. This, it is anticipated, will eventually have 
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8,000 to 10,000 inhabitants. Comparative studies led to the belief that the 
Noordoostpolder, because of its size and the density of its population, should 
have its own regional town, with larger stores, offices, and high schools, which 
would serve the surrounding villages and scattered farms. Perhaps some in- 
dustries will settle here. A railway station is planned, despite many uncertainties. 

Roads and canals in the Noordoostpolder lead to the capital. Naturally, the 
canals also serve for drainage as well as for transportation. Emmeloord is planned 
like the hub of a wheel. The executive board of the polder stimulates the develop- 
ment of the capital to serve as a regional center, the nucleus of interests, the place 
where farmers of the whole area will meet. Today, Emmeloord is under construc- 
tion. At the moment, only a few of the outskirts have been completed, but the 
heart of the town is growing steadily. A plan based on a detailed analysis of the 
function of the town has, however, been completed. 

In the Zuiderzee polders the farm size is greater, the distances from village to 
village and from farm to village are longer, the land division is much better, 
and the population is much less dense than in comparable areas of old rural 
Holland. In fact, no strong population pressure in the polders is anticipated for 
several decades. No revolutionary changes in the countiyside are involved in the 
new scheme. The work carried on by the State of the Netherlands is very im- 
portant, but there is no desire for an overcentralized government. The object 
is to create farms run by private individuals. The continuation of some govern- 
ment farms is accounted for by the desire to obtain standards for the fixing of 
prices of agricultural products and rents and for the making of experiments. 
Many measures taken by the executive board, which seem far-reaching, are 
temporary. 

The third end of polder planning, creation of a satisfactory landscape, is 
obvious in the Noordoostpolder. An area of nearly 500 sq. km. of flat land is too 
immense for the human eye. It is thought necessary to subdivide the area and 
to build horizons. The roadsides, therefore, will be planted with shade trees; 
in fact, some have already been planted. These plantings will follow a definite 
plan, the purpose of which is to bring about an orderly division of the vast area. 
In addition, three woods covering several square kilometers each will be planted 
on soils least suited to agriculture. The planting of trees has a practical as well 
as an aesthetic value. To cyclists, especially farmhands and school children, the 
trees will be very useful in providing some protection from the wind, which in 
this flat land is very strong. 

In short, physical planning is an instrument by which the best use is made of 
available land in the interests of the community as a whole. Creating a polder is 
a problem not only in hydrologic science and agriculture but also in rural plan- 
ning. Social scientists have examined the rural social structure and have given 
advice on the building of villages. In their rural sociological studies, they have 
also had recourse to the wisdom of farmers and farmhands in deciding how to 
build up a raral community that will provide the framework of a happy family 
life. One of the striking features in the planning of the Zuiderzee polders is the 
cooperation of all sorts of experts. In rural planning today, the study of the in- 
dividual and of society is as important as the study of soils or harmful insects. 
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The purpose of the present paper is to compare various cation-exchange 
equations derived by regarding the exchanger phase + solution phase as a 
Donnan system with various equations that have been proposed. A theoretical 
reatment is given also for the case where the exchanger phase consists of, for 
nstance, a comparatively dilute montmorillonite suspension, where the ex- 
changeable ions form a swarm or so-called diffuse double layer around each 
particle. 

HOMOVALENT EXCHANGE 


In homovalent exchange all the various exchange equations agree, and for 
K+ and Na+, for instance, the equilibrium condition can be formulated 


[K] (Na) _ „ 
(K) [Na] 


( 1 ) 


in which the brackets refer to amounts present in the exchanger phase as ex- 
changeable ions, and the parentheses denote the activities of the ions in the 
solution. 

Approaches to the problem of homovalent exchange leading to equation (Jf) 
have been different. 

Jenny (5) started from statistical considerations, interpreting the constant K 
as the ratio of the “oscillation volumes” of the two ions in question. He pic- 
tured the exchangeable ions as held rather closely to the fixed charges of the 
exchanger and oscillating in a definite space around each charge. This model 
is therefore not compatible with the concept of a diffuse double layer. 

Vanselow (12) derived his equation by regarding the exchanger with its ions 
as a mix-crystal or, better, a solid solution. If the exchanger charges are denoted 
by 2-, then in the case of Na+ and as exchangeable ions, NaZ and KZ form 
a solid solution. The activity of NaZ and KZ is thus given by their mole frac- 
tion, as for an ideal solid solution. The constant K must here be interpreted 
as the ratio of the solubility products of NaZ and KZ respectively in their 
pure states. As Z~' can hardly exist in the solution, the similarity between the 
exchanger (Na,K)Z and a solid solution is only formal. Nevertheless, Vanse- 
low’s approach to the problem is interesting. 

The approach of Krishnamoorthy and Overstreet (6) is in principle the same 
as that of Vanselow, although the mole fraction of these workers in the pres- 

103 


|; 

ii 

'll 

"I- 

I 

fi 

'I 

1 : 

i 

'l! 






104 


ERIK ERIKSSON 


ence of polyralent ions is somewhat modified. Krishnamoorthy and Overstreet 
also assume a relatively homogenous exchanger phase which is not compatible 
with a diffuse double layer. 

When the exchange process is interpreted as a redistribution of ions in a 
Donnan system, the equilibrium constant K in equation {1 ) is the ratio of the 
activity coeflS.cients of Na and K in the exchanger phase. Even if the exchanger 
phase is nonuniform electrically, because of formation of diffuse double layers, 
the equation applies equally well. 

There are too many approximations involved for K to be perfectly constant. 
In particular, K is likely to vary with varying proportions of the ions concerned 
in cases where the exchanger phase is nonuniform with respect to the specific 
interaction of the ions and exchange material. For a more uniform exchange 
material it seems to be relatively constant and is of great value as a charac- 
teristic for such a material. 

HETEROVALBNT EXCHANGE 

The equations of interest in heterovalent exchange are those of Vanselow (12) 
and of Krishnamoorthy and Overstreet (6), which will be discussed in connec- 
tion with the question based on the Donnan theory. In the case of Na and Ca, 
for example, the common formulation of the equilibrium equation for a Donnan 
system reads 

(Na)UCa). ^ j 
(Na)?(Ca)i 

where o and i refer to the solution and exchanger phase respectively. The ex- 
changer phase is here supposed to contain a certain amount of negative charges 
which for some reason are unable to diffuse out of the phase. These charges are 
supposed to occupy a definite volume V in the exchanger phase and are further 
supposed to be uniformly distributed in this volume. The activities of the ions 
in the exchanger phase can then be written as the amount of these ions in the 
phase divided by the volume V and multiplied by an activity coeflScient /. 
In this way, 

[Na]^(Ca) ^ /ca ^ ^ 

mrmv /l 

is obtained, the brackets and parentheses having the significance mentioned 
earher. The amounts in the brackets are, of course, not entirely exchangeable 
ions, that is, they do not all belong to the negative nondiffusible charges of the 
exchanger phase; the negative ions in the solution have also a tendency to diffuse 
into the exchanger phase accompanied by cations. According to the Donnan 
theory the concentration of these negative ions in the exchanger phase must 
always be less than in the solution and, if the concentration of negative non- 
diffusible charges in the exchanger phase is great compared to the concentra- 
tion of negative ions in the solution, then the concentration of diffusible nega- 
tive ions in the exchanger can, for aE practical purposes, be neglected. The 
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amounts in the brackets can then be regarded as purely exchangeable ions 
belonging only to the negative nondiffusible charges of the exchanger phase. 
Equation (^) can, however, be changed into another form. If X is the charge 
concentration in the volume F of the exchanger phase, then V^X is the sum 
of all cations (in equivalents) in the phase, and VX can be expressed by 

VrX - [Na] + 2[Ca] = [Na + 2Ca] (S) 


where the quantities of Na+ and Ca++ are expressed in moles. If F is solved 
from equation (S) and substituted in (B), this takes the form 

[Naf.(Ca).X _ .. 

(Na)2[Ca][Na + 2Ca] 

If ions other than Na"^ and Ca"^ are also present, they have to be included 
in the summation term in the denominator. 

For the same system the equation of Vanselow reads 

[Naf(Ca) (.) 

(Na)2[Ca][Na + Ca] 

and that of Krishnamoorthy and Overstreet 


[Na]^ (Ca) ^ 
(Na)"[Ca][Na + 1.5 Ca] ^ 


(^) 


The main difference between equation (4) and equations (5) and (6) is that 
in (4) the charge concentration X appears in the numerator. Since X is a con- 
stant quantity it does not influence the constancy of K, but its presence in 
the equation constitutes an important difference in principle which will be 
discussed later. The remaining difference between the equations lies in the 
factor for Ca in the summation term in the denominator. In practice this dif- 
ference is of but little importance, as it is difficult to decide, without extensive 
experimental evidence, whether the choice of 1.5 in equation (6) is justified 
as compared with 2 in equation (4). It is by no means certain that the specific 
interaction of the ions in question with the surface (or probably, better, with 
the structure of the adsorbed water at the surfaces) is independent of the rela- 
tive amounts of ions present. This may change the constant K in such a direc- 
tion that the choice of the factor 1.5 merely counteracts this change. The ex- 
perimental data given by Krishnamoorthy and Overstreet (7) seem to favor 
equation (6) rather than (4) and (5), but their experiments were done with 
monovalent ions of rather strong exchanging properties (that is, with relatively 
low activity coefficients in the exchange phase). Their choice of the factor 1.5, 
which is based on statistical considerations, implies that all the exchangeable 
cations are held very close to the fixed charges at the surface, a condition which 
may be questioned. 

With regard to Vanselow’s equation, the factor 1 for Ca in the summation 
term implies that 1 mole of CaZa has the same volume as one mole of NaZ, 
which is obviously impossible. (In his case NaZ and CaZa are supposed to form 
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an ideal solid solution.) A more reasonable assumption is that one mole of NaZ 
and half a mole of CaZ2 occupy the same volume, which immediately leads to 
a factor of 2 for Ca as in equation (4). 

The significance of X, the charge concentration in the exchange phase, in 
equation (4) requires further discussion. It is, of course, difficult to estimate X, 
but in the case of exchangers of the same class, such as clay minerals, it can 
be taken to be proportional to the exchange capacity of the material in ques- 
tion. A modified equation containing the exchange capacity C of the exchanger 
can thus be written 

[Na]^(Ca)-C _ 

(Na)1Ca][Na + 2Ca] 

Krishnamoorthy and Overstreet (7) have given the constant K according to 
their equation for the exchange equilibrium between H4N"^ and Ca*^+ for a 
number of exchange materials. It is possible to calculate from their data the 
exchange capacity of aU but one (Hanford clay) of the materials they used. 
From this a new constant can be obtained by multiplying their constant with 
the appropriate exchange capacity. Except for minor differences due to their 
factor 1.5 for Ca in the summation term, the resulting constant then corresponds 
to K in equation (7). The results of this calculation are as follows: 


EXCHANGE MATERIAL 

CLASS 

EXCHANGE 

CAPACITY 

C IN me./gm. 

K ACCORDING 
TO K & 0 (7) 

X-C 

Utah bentonite 

Aluminum silicate 

1,30 

0.044 

0.057 

Yolo clay 

Aluminum silicate 

0.60 

0.090 

0.054 

Aiken clay 

Aluminum silicate 

0.30 

0.184 

0.055 

IR 100 

Resin 

1.72 

0.0070 

0.012 

lonX 

1 Resin 

4.20 

0,0026 

0.011 


Yolo clay is of the montmorillonitic type and Aiken clay of the kaolinitic 
type. It is very interesting to note that X * C for the three clays in nearly the 
same; interpreted on the basis of equation (4), this means that the ratio of the 
activity coefficients of Ca"^ and H4N+ is virtually the same for the three mate- 
rials. This is also true for the two resinous exchangers. The results strongly sup- 
port the principle underlying equation (4) and they also indicate that too much 
importance has been attached to the supposed differences in specific interaction 
of ions of different valency with different clay minerals. The great differences 
in K in the calculations are most probably mainly nonspecific for the ions, and 
depend almost entirely on the differences in the charge densities of the minerals. 
This is an important point which has been stressed by Mattson and co-workers 
(8, 9, 14) in several papers but which, with few exceptions, has received little 
attention. 

It is rather surprising that a theory such as that underlying equation (4), 
based on so many approximations, should give such a satisfactory interpretation 
of experimental data as that shown in the foregoing calculations. Equation (4) 
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differs from (5) and (6) with respect to X because of the difference in the con- 
vention adopted when the equations were derived. In equation (4) the ex- 
changer phase is treated in the same way as the solution phase, the concentra- 
tion of the ions being expressed in the same way as in the solution. In equations 
(5) and (d) the convention adopted for the exchanger phase differs from that 
adopted for the solution. The activities of Na.Z and CaZ 2 in their pure state 
are taken as unity, independent of their molar volumes; in principle this is the 
same as taking X equal to unity in equation (4). Thermodynamically it is un- 
important what convention is used, but from the point of view of interpreting 
experimental results it may be very important. The data quoted in this paper 
are in favor of the convention adopted for describing Donnan equilibria. 

Another interesting difference in principle between equation (4) and equations 
(5) and (6) is that more approximations are made in deriving (4) than in de- 
riving (5) and (d). This should not be taken as unfavorable for (4); it arises 
from the fact that the assumptions underlying (5) and (d) have made certain 
approximations unnecessary. 

HETEROVALENT EQUILIBRIA IN DIFFUSE DOUBLE LAYER SYSTEMS 

The experiments referred to in the preceding section were all carried out with 
relatively high salt concentrations in the solution phase and with the colloid 
phase rather concentrated by centrifuging. These circumstances make the ap- 
proximations less serious, since the diffuse double layer under these conditions 
should, theoretically, be of less importance. 

It is of interest to compare the differences between an ideal Donnan system 
and a system in which the colloidal phase is made up of platelike, well-separated 
clay mi n eral particles, for instance montmorillonite, in equilibrium with a solu- 
tion of monovalent and divalent cations. An equation based on the Poisson- 
Boltzmann differential equation has therefore been derived, showing the propor- 
tion of monovalent to total ions (in equivalents) in the diffuse double layer. 
For obvious reasons the derivation has been made for an ideal system, that is, 
one in which the activities of the ions are equal to their concentrations. This is, 
of course, an approximation, but nevertheless, the equation may still give some 
valuable information. 

The Poisson-Boltzmann differential equation has been used with success for 
deriving a number of relationships in the colloid chemistry of charged surfaces 
(1, 2, 3, 4, 10, II, 13), In connection with cation-exchange equilibria, it is used 
here to describe the electric field in the diffuse double layer as a function of the 
potential. By application of Boltzmann’s principle and integration, a relatively 
simple equation is arrived at, expressing the charge fraction of monovalent to 
total ions as a function of the concentrations of the monovalent and divalent 
ions in the solution. To make it general, a case in which two diffuse double 
layers interact is considered. 

The derivation given in the appendix rests on the following assumptions: 

For a piate-sbaped negatively charged colloid particle with the charge density o on the 
plane surfaces, the distribution of mobile positive ions in the neighborhood of the surface 
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(the diffuse double layer) is given by the Poisson-Bolzmann differential equation in the 
one-dimensional form. Deviations from this one-dimensional form at edges and corners 
can be neglected, as the plates are very thin in comparison with their length and width. 

The salt solution in equilibrium with the particles is made up of salts of the type M'^A^ 
and — ; for example, NaCl and MgS 04 . 

The composition of the salt solution is taken at a point far from any surface. In practice 
it is the composition of a small volume of solution taken from a large volume of the whole 
suspension. 

Interaction between the diffuse double layers of any two particles is considered under 
the assumption that the particles are orientated parallel to each other. 


The charge fraction of monovalent to total ions in the double layer then reads 


[Na] 


(Na) 


sinh' 


-1 2^^ V(Mg) 


(5) 


[Na + Mg] • \/(Mi) (Na) + (Mg ) -Ui 

where Z is related to the charge density of the surface by 

Z = k-a‘^ 

and thus has the dimensions of amount per unit volume, that is, concentration. 

•Ud is a function of the potential in the midway plane between two surfaces, 
which can be written 

-St 2 


m 


where e is the charge of an electron, k is the Boltzmann constant, and T is the 
absolute temperature. From this it is seen that = 0 when Ud = 2, which 
occurs when there is no interaction between the diffuse double layers. 

An expression identical with (8) is obtained if in the derivation the influence 
of the negative ions in the diffuse double layer is neglected. Then, however, 
Ud is related to \l/d by 

-|^ = ln«d m 

Ua • 

At larger values of Ud, cosh~^ — = In Ud, which shows that the influence of the 

A 

negative ions may be small when the interaction is greater. 

An expression similar to equation (4) (with 4Z instead of X) can be arranged 
from equation (8), The ‘'constant^’ arrived at then is expressed by 


K = 


sinh 


2VzV(Mi) ~ 

(Na) + (Mg)-Wd. 


(Na) 


2VZ V'(Mg) 


sinh' 


-1 2VZ ^(Mg) 
(Na) + (Mg) -Wd 


(11) 


Over a limited range of concentration, this “constant” need not vary much, 
and the greater is Ud the less does it vary; this is also true the larger (Na) 
and (Mg). 

To show the specific influence of the diffuse double layer on the distribution 
of monovalent and divalent ions in the swarm, X in equation (fi) has been 
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calculated for varying values of (Na) - (Mg). Z has been taken as 2, which 
corresponds approximately to the charge density for montmorillonite, and 
is also taken as 2, that is, no interaction. The calculations are shown graphically 
in figure 1. K increases as the salt concentration in the solution decreases, which 
also means that the diffuse double layer extends farther out from the surface. 
It can be interpreted to mean that the activity coefficient for the monovalent 
ion in the swarm is lower at high dilution than in more concentrated solution. 



Fig. 1. Curve Representing Theoretical Values op K prom Equation {if) when 
(N a) = (Mg), AND Experimental Values op (Circles) Calculated prom Data by 
Mattson AND Larsson (9) BY Equation (^). 

This can be explained by considering the distribution of monovalent and di- 
valent ions in the swarm at different points. Obviously, at a given potential 
distribution, the monovalent ions can extend farther out in the solution than 
the divalent. The space they occupy is greater than that for divalent ions, 
which are held more closely to the surface. At higher salt concentrations the 
extension of the diffuse double layer is decreased and the difference in “effective^^ 
volumes of the monovalent and divalent ions becomes less. 

Mattson and Larsson (9) studied experimentally the influence of dilution of 
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the solution phase on the proportions of H4N+ and Ca++ in bentonite systems. 
From their values it is possible to calculate K from the equation 

IH4NT(Ca)4Z _ , ^ 

(H4N+)nCa][H4N + Ca] ^ ^ 


where the concentrations and amounts are given in equivalents and Z is equal 
to 2. As they kept (H4N+) = (Ca++) for all dilutions, the constant K can be 
compared with the theoretical values according to equation {11) given in figure 1. 
The calculated values from the data of Mattson and Larsson have been plotted 
on the same graph; the agreement is, qualitatively, very good. The conditions 
under which Mattson and Larsson worked correspond very nearly to Ud = 2, 
that is, no interaction. 

Equation (8) is of interest in another connection. If (Na') and (Mg') are 
the equivalent concentrations in the midway layer between two plates, they 
are related to the charge fraction of monovalent charges in the diffuse double 
layer by a very similar equation; namely, 

[Na] ^ (Nap 2^7 V(MiO 

[Na + Mg] 2^Z V(MiO (Na) + (Mg') 


an expression which can be of interest in connection with the activity of mono- 
valent and divalent ions in a montmorillonite suspension or gel. But this is 
outside the scope of the present paper. 
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APPENDIX 

Charge fraction of monovalent ionic charges in a swarm at a negatively charged 
plane surface in equilibrium with a solution of monovalent and divalent ions 

The symbols used are: 

V'j the electric potential 

e, the charge of an electron 

ifc, the Boltzmann constant 

T, the absolute temperature 

€, the dielectric constant of the medium 

Xj the perpendicular distance from the surface 

p, the net charge density at a point x 

cr, the charge density of the surface 

ni, the number of monovalent ions per milliliter in the solution 
na, the number of divalent ions per milliliter in the solution 
Nj the Avagadro number. 

It is assumed that the salts in the solution are of the type and for in- 

stance, NaCl and MgS 04 . 

The relation between the differential of the electric field and the net charge density is 
expressed by Poisson ^s equation, which in the one-dimensional form reads, 

Ua) 

dx^ € 


The net charge density p can be expressed by the Boltzmann principle as a function of 
tpj and in the case of monovalent and divalent ions it reads, 


= ~2e ^ 


msinh — +2nssmh— ^ 


(Sa) 


and ni and rii are related to the equivalent concentrations of monovalent and divalent 
ions in the solution by 

ns = ^ • JV-10-® 

2 

Combining equations {la) and {2a) and substituting c for n gives 

,smh- +c,mnh — 1 


if 


dV _ 

8r6i\r-10””3 / 

dx® 

. \ 

kT ^ 

y, then 


Sir^N-ia-^ 

dx® 

ekT 


d^y e dV 

dx^ kT dx^ 

{ci sinh y + C 2 sinh 2y) 


and 


(Sa) 


aa) 


With the boundary conditions ~ 0 for x ^ d when y ^ yd (as the distance between 

dx 


two surfaces is 2d) ^ can be solved and becomes 
dx 


dx 


-V 


€kT 


's / CiCcosh y — cosh y^i + caCcosh* y — cosh® 2 /<r) 


For convenience 


" 


(5o) 


(6o) 
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The charge density <r of the surface can be written 


Jd 4:t Jo dx^ 4x \dx/x-a 4x6 \dx/x. 


fiekT 

Aire 


*%/ ciCcosh 2/0 — cosh ya) + C 2 (cosh 2 — cosh^ 3 


Writing 


<r4ire 


Vi 


(7a) 

(8a) 


and 


equation (7a) becomes 


cosh y ^ 2 


2V^ ““ ’\/2ci{uo — tid) + Ciiul — Wd) 


(^a) 


(f Oa) 


The quantity of monovalent ionic charges in the swarm per square centimeter of the 
surface is expressed by 


<Ti == —2^1^ 10“^ e 


j sinh y*dx 
Jo 


which can be converted into an integral over y by use of equation (5a) . Then 

2ciW40^ sinh y ♦ dy 

^ Jya y/ ci(cosh 2 / — cosh ya) + C 2 (cosh 2 y — cosh^ 2/d) 


Cl = 


ilia) 


im) 


Using relation (9a) and remembering that its differential reads 

du 


sinh y'dy ^ 


2 ’ 


we can write equation (12a) 


Cl = 






/■ 

d UA 


du 


's/ 2ci{u — Ud) + ctiu^ — u\) 


(iSa) 


The integral 


rwo 

JuA 


du 


^ Ud V 2ci(u ~ Ud) + C2(‘a^ — u^) 

is readily integrated and becomes 


\/2Cl(Uo Ud) 4“ C2(Wq — W^) -{- '\/^2*Uq -f- /•“ 

^ 1 , VC2 

7 = — -pz. In 




'S/c2‘Ud + 


Cl 


V- 


C2 


In this equation 'v/ 2ci(t«o — Ud) + C 2 (ul — ul) is readily identified as 2'\/X Further, teo can 
be solved from equation (10a) and becomes 

‘\/(ci + C 2 ‘Ud)^ 4" 4c 2^ — Cl 


Uo 


Cfl 
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Then the equation can be written 

J — ^ _ Jjj -h '\/(ci 4* + 402^ 


vT. 

which can be transformed into 


and equation (13a) can be written 


Cl + C2 • Ud 

~ sinh-i 
V C2 Cl 4“ Ci‘Ud 


U4a) 


Cl crUd 

As <r =a ^\/z * , the charge fraction ^ becomes, after substitution of the value for ^ ac- 

4 :Tre a- 

cording to equation (da), 


2 = sinh-i 

O' 2v Ci-Z Cl + cn-Ui 


{ISa) 
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The energy changes that occur in the course of ion-exchange reactions are of 
considerable interest. Boyd ei aL (1) have calculated standard free energies of 
formation of the salts of ion-exchange resins and metal cations. Marshall (8), 
from potentiometric measurements, has calculated ^^the difference between the 
differential heats of adsorption’^ of metal cations on clay membranes. Dawson 
et aL (2), also from potentiometric data, have calculated the heat of neutraliza- 
tion of H-peat with Ca(OH) 2 . So far as the author is aware, with the exception 
of some heats of neutralization of H-clays reported by Puri (10), no calori- 
metric data for ion-exchange reactions are available. 

This paper reports some preliminary results of the calorimetric measurement 
of heats of neutralization of H-exchange resins and clays and of heats of reaction 
between exchange resin salts and electrolyte solutions. In addition, it attempts 
to relate measured heats of ion exchange to other thermodynamic functions. 

THEORY 

Heat of reaction, AH, is defined as the difference in heat content of products 
and reactants. For many reactions, AH can be measured experimentally by 
carrying out the reaction in a calorimeter and observing the temperature change. 
In principle, such calorimetric determination of AH is possible for ion-exchange 
reactions. The synthetic ion-exchange resins, because of their high exchange 
capacity, seem particularly well suited for such determinations. AH for an ion- 
exchange reaction, as well as free energy change and entropy change, is avail- 
able also, in principle at least, from ion-exchange equilibrium data. 

Consider the reaction: 

( 1 ) 

Where R denotes the cation exchanger, Mi , 2 are cations, and fi ,2 are valences 
of these cations. According to the mol fraction hypothesis, the equilibrium 
constant is given by: 

fci-. = •(c'l + csr"’’' m 

Vi a2 * 

where Ci and C 2 are the amounts in mols per liter of adsorbed ions and ai and 
are the molar activities of ions 1 and 2 in the solution phase, calculated from 

1 Paper No. 392 in the journal series; from the department of agronomy, North Carolina 
Agricultural Experiment Station. 


115 


116 


N. T. COLEMAN 


the principle of ionic strength. From the statistical considerations of Krishna- 
moorthy and Overstreet (6) : 

*1-2 = ^ ^ -(qi Cl + q^ C^^^ {S) 

Cl a2' 

The factor is defined as n + 1 and the other s 3 nnbols have the same meaning 

as in equation (2), Data accumulated by various workers (1, 5, 6) show that 
equations (S) and (S) quite satisfactorily describe exchange equilibria for a 
variety of ion-exchange resins and clays. 

Boyd et al. (1) and Kressman and Kitchener (5) have formally equated the 
negative logarithm of the equilibrium constant from equation {2) to the stand- 
ard free energy change for the replacement of ion 2 by ion 1 : 

AF° = -i2TlnKi_2 (4) 

The latter authors have suggested that if the relation shown by equation (4) is 
accepted, it is possible, through the use of the Van^t Hoff equation, to calculate 
for an ion-exchange reaction from a knowledge of fc, the equilibrium con- 
stant, at several temperatures. 

(d In k\ ^ 

\ dT A -5^2 ^ 

The standard entropy change, for an ion-exchange reaction can be cal- 
culated from the relation: 

c#) - ® 

Thus from (4), {5), and {6) and a knowledge of the equilibrium constant, *, 
as a function of temperature, AH®, AF°, and AS° can be calculated for any ion- 
exchange reaction. Comparison of values for heat of reaction so obtained with 
those measured experimentally will provide a test for the thermodynamic con- 
sistency of the formulation of exchange equilibrium. 

An entirely different approach to the problem of obtaining thermodynamic 
functions for ion-exchange reactions has been made by Marshall (8). He has 
identified the potential drop across a clay membrane separating solutions of 
two electrolytes with a common anion with the difference in mean activity of 
the two electrolytes and with the ' 'difference between the differential heats of 
adsorption’’ of the two cations on the membrane. Marshall^ recently agreed 
that his membrane theory should be developed in terms of free energy change 
rather than in terms of change in heat content. 

Dawson and Danielson (2), from measured single ion activities, have calcu- 
lated the intrinsic dissociation constant of H-peat and the equilibrium con- 
stant for the neutralization of H-peat with Ca(OH) 2 . From the equilibrium 
constant they have calculated the thermodynamic functions AF'’, Ai?®, and AiS°. 


2 Personal conununication. 
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MATERIALS AND METHODS 

A simple calorimeter was constructed. Two l-pint Dewar flasks were im- 
mersed to within mch of their rims in a water bath at 30*^ db 0.1®C. The 
mouths of the two flasks were fitted with cork stoppers with holes to accom- 
modate a Beckmann thermometer, a stirrer, and a coil through which hot or 
cold water could be circulated. In addition, the flask in which reaction was to 
take place was fitted with a small funnel to facilitate addition of one of the 
reactants. 

The synthetic exchange resins used in this investigation were Amberlites 
IRIOO, IR105, and IR120. The resins (40-mesh size) were treated with 5 per 
cent NaOH and carried through six cycles of leaching, first vfith 10 per cent HCl 
then with 10 per cent NaCl solutions. They were finally H-saturated by leach- 
ing with 10 per cent HCl, w^ashed until free of chlorides, and air-dried. This is 
in agreement with standard procedures for the preparation of these materials. 

The clay used was '^Volclay'' bentonite. H-clay w^as prepared by five succes- 
sive treatments with symmetry concentration of HCl and was washed by centri- 
fuging. In certain instances H-clay was prepared by leaching a suspension of 
Na-clay through a column of H-saturated IR120. 

The titrable acidity of the various H-saturated exchange materials was deter- 
mined by titration with NaOH to pH 8.2. Base-saturated materials were pre- 
pared by treating the H-form with an equivalent amount of the appropriate 
hydroxide. 

The amount of exchange material used in the calorimetric measurements was 
0.025 equivalent of the Amberlite and 0.005 equivalent of bentonite. This cor- 
responds to 16.53 gm. IRIOO, 9.21 gm. IR105, 5.95 gm. IR120, and 7.27 gm. 
bentonite. 

The following procedure was used to measure AH for an ion-exchange reac- 
tion: Into one of the two Dewar flasks comprising the calorimeter were placed 
a weighed amount of the ion-exchange material and a measured volume of 
water. Into the other flask was placed a measured volume of the solution with 
which the ion-exchange material was to react (ilfOH or MCI). Previously cali- 
brated Beckmann thermometers were inserted into the flasks, and the tempera- 
tures of the contents were equalized by circulating water through the tem- 
perature control coils in the two flasks. Final adjustment of temperature could 
be satisfactorily made by circulating the same water through the coils of both 
flasks. When the temperatures of the two reactants were equal within 0.01°C,, 
the liquid reactant was quickly poured into the flask containing the exchange 
material in aqueous suspension. 

After mixing, the temperature of the reaction flask was recorded as a func- 
tion of time. All reactions studied were completed within 5 minutes. Extrapola- 
tion of the temperature rise due to heat of reaction and the temperature drop 
due to loss of heat to the surroundings yielded a value for AT corrected for heat 
loss. The temperature change, AT, multiplied by the heat capacity of the calo- 
rimeter and its contents and divided by the number of equivalents of products 
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formed, is reported as AHzoo for the reaction in question. Each value of AH 
reported is the average of four measurements. 

The heat capacity of the calorimeter was measured by means of the reaction: 

HCl + NaOH = NaCl + H 2 O Affgo = -13.3 Cal. per mol (7) 

The value of — 13.3 Cal. per mol for the heat of formation of water from the ions 
was taken from Harned and Owen (3). It was not corrected for salt concentra- 
tion. Heat capacities of liquid products and reactants were taken from the 
Handbook of Chemistry and Physics rather than from more exact sources. 
Heat capacities of resins and clay in suspension were arbitrarily assigned the 
value of 0.65 cal. per gram, the measured heat capacity of IRIOO. This seems 
justified, since the contribution of the clay or resin to the total heat capacity 
of the calorimeter and its contents was small, less than 5 per cent in all cases. 

In measuring heats of neutralization, equivalent amounts of hydroxide were 
added to the various H-exchangers. For exchanges with salt solutions, sufficient 


TABLE 1 

Reproducibility of thermal data 


REACTION 

AT 

HEAT CAPACITY 

PRODUCTS 

AH 


X. 

Cal. 

mots 

Cal.lmol 

H-IRIOO -h KOH 

41.65 

217 

.025 

-14.3 

H-IRIOO + KOH 

41.66 

217 

.025 

-14.4 

H-IRlOO + KOH 

41.66 

217 

.025 

-14.4 

HTRIOO + KOH 

41.65 

217 

.025 

-14.3 

Na-IRIOO -h KCl 

40.07 

217 

.021 

-0.7 

Na-IRIOO 4- KCl 

40.07 

217 

.021 

-0.7 

Na-IRlOO 4- KCl 

40.08 

217 

.021 

-0.8 

Na-IRIOO 4- KCl 

40.07 

217 

.021 

-0.7 


excess solution was added to afford virtually complete exchange. In most cases 
the solution was 1-2 N with respect to reacting electrolyte. At the completion 
of all determinations, an aliquot of supernatant liquid was analyzed to measure 
the extent to which the reaction had proceeded. 

When concentrated electrolyte solutions were mixed with aqueous suspen- 
sions of the exchange materials, the observed temperature changes were cor- 
rected for the heats of dilution of the salt solutions used. 

Admittedly, the procedure used to obtain the heats reported here was rather 
crude. The results obtained, however, appeared to be of sufficient value to 
warrant their publication. 

Table 1 shows results typical of those obtained for neutralization reactions 
and for exchanges with salt solutions. Essentially the same results were ob- 
tained for four successive measurements. 

The Beckmann thermometers were read to the nearest 0.01°C. A cumulative 
readding error of O.Ol^C. would result in an error in AH of approximately 0.1 
Cal, per mol for the Amberlites and 0.5 Cal. per mol for bentonite. 


THEEMOCHEMICAL STUDY OF ION EXCHANGE 


119 



Equilibrium constants for exchange between various ion pairs were obtained 
at 10°, 30°, and 80°C. A weighed amount of Mi -resin was equilibrated with a 
known amount of M 2 CI in aqueous solution. At equilibrium the liquid phase 
was analyzed for Mi and M 2 by standard methods. The amounts of adsorbed 
ions at equilibrium were calculated by difference. The activities of ions Mi and 
M^ in solution were obtained by multiplying the ion concentrations by appro- 
priate powers of the electrolyte mean activity coefficients. Equilibrium con- 
stants were calculated with equation (5). 

For the measurement of bi-ionic potential (the emf. across a membrane sepa- 
rating solutions of equal electrolyte mean activity, containing a common anion 
but different cations) membranes were prepared from the two resins and from 
^^Volclay’^ bentonite as described by Wyllie and Patnode (12). Briefly, this 
involved molding a mixture of 60 per cent Na-exchanger and 40 per cent pow- 
dered polystyrene at 205^^0. and 5,000 pounds per square inch. After molding, 
the membranes were attached to the ends of glass tubing by means of De Kotin- 


TABLE 2 

Heats of neutralization of H -exchange resins and H-clay 
AH so Cal. per mol 


BASE 

IRIOO 

mios 

mi 2 o 

BENTONITE 

1* 

2t 

NaOH 

-13.7 

-13.5 

-13.6 

-6.8 

-13.4 

KOH 

-14.4 

-14.1 

-14.2 

-6.3 


Ba(OH)2t 

-13.6 

-13.3 

-13.5 

1 -5.8 

— 


* H-saturated with HCl. 

t Na-saturated and leached through a column of H-IR120. 
t For the reaction HR §Ba(OH) 2 . 


ski cement. The membranes were tested as described by Marshall (8) and were 
found to yield emf. values in agreement with those predicted by the Nernst 
equation. 

The membranes were soaked for several days in an equimolar solution of the 
chlorides of the two cations concerned. Finally, the membrane was incorporated 
in the cell: 


Sat. Cal 


MiCl 

Mi - Mi 

M^Cl 

a ± = 0.077 

membrane 

a ± - 0.077 


Sat. Cal. 


The two solutions MiCl and M 2 Ci were changed repeatedly until the cell poten- 
tial was constant. 


EESULTS AND OISCUSSION 
HeaU of neutralization 

Table 2 lists thermal effects observed to accompany the neutralization of 
H-exchange materials with various strong bases. AH is negative, that is, heat 
is evolved in all of the neutralization reactions. 
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Considering the over-all reaction between H-resin and ilfOH: 

IiR + M+== MR + m (8) 

H+ + OH-H 2 O ( 9 ) 

In the neutrali25ation of a H-resin we have not one, but two reactions. The 
measured AH is the algebraic sum of the heats of reactions (8) and (9), In the 
case of the Amberlites, AH for the over-all reaction (table 1) is very nearly that 
for reaction (9), that is, the heat of formation of water from the ions. This 
leads to rather small values for AHi, the heat of exchange for H+. 

AH’b for the neutralization of the clay are much smaller than those observed 
for the exchange resins. This may be interpreted in either of two ways: (a) Re- 
actions (8) and (9) occur as written above, but AH for reaction (8) is large and 


TABLE 3 

AH 30 for the reaction HK 4- = MR + 


CATION-EXCHANGE MATERIAI. 

AHso per mol 

H-Na 

H-K 

X* 

2t 

1 * 

2t 


Cal. 

Cal. 

Cal. 

Cal. 

IR400 

-0.4 

-0.3 

-1.1 

-1.0 

IR405 

-0.2 

-0.2 

-0.8 

-0.9 

IR-120 

-0.3 

-0.3 

-0.9 

-0.9 


* Calculated from measured heat of neutralization and heat of formation of H 2 O from 
ions at 30° (—13.3 Cal. per mol). 

t Measured for the reaction HE + MCI. 


positive, that is, work is done in removing from the clay, (b) The reaction 
between a clay acid and If OH is not correctly shown by (8) and (9). This would 
be the case if the clay acid is actually a H-Al-clay (9). This latter possibility 
is supported somewhat by the measured heats of neutralization of H-clays pre- 
pared by leaching through columns of H-IR120. The heat of neutralization of 
H-bentonite so prepared is —13.4 Cal. per mol, as compared with a AH of 
—5.8 Cal. per mol when H-bentonite prepared with HCI is neutralized. 

The figures reported in table 2 for the heat of neutralization of H-exchangers 
by Ba(OH )2 are different in magnitude from the heat of neutralization of H-peat 
by Ca(OH )2 reported by Dawson and Danielson (2). 

Heats of ion exchange 

If we consider that equations {8) and {9) correctly depict the reaction occur- 
ring when a H-resin is neutralized with a strong base, it follows that the dif- 
ference between measured AH for the over-all reaction and Aff for reaction (^) 
gives AH for reaction (E). In table 3, values for AH^-^m calculated from heats 
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of neutralization are compared with values measured by means of the 

reaction: 

. Hi2 + Jf Cl - + HCl (10) 

Agreement between the two sets of figures seems to be satisfactory. 

Similarly, in considering the neutralization of a H-resin with various strong 
bases, it seems possible to identify the differences between the measured heats 
of neutralization with the differences between the heats of adsorption of the 
metal cations concerned. 

Table 4 lists values for AH calculated from heats of neutralization 
values for AHmi--m 2 measured for reactions of the sort: 

MiR + M^Cl = MJ& + MCI ill) 

The close correspondence between the two sets of AM’s seems to show that the 
thermal effects being measured are indeed changes in heat content occurring 


TABLE 4 

Heats of ion exchange 


CATION 

EXCHANGE 

MATERIAL 

Ailjo® PER MOL 

Li+-K+ 

Na*--K+ 

NH4-^-K+ 

! 

Ca++-2K+ 

Ca+-^-Ba++ 

Ca-*^-Mg++ 

Measured 

Calculated* 


Cal. 

Cal. 

Cal. 

Cal. 

Cal. 

Cal. 

Cal. 

IR-100 

-1.4 

-0.7 

-0.7 

-0.2 

-2.7 

-0.9 ‘ 

+0.2 

IR-120 

-1.2 

-0.6 

-0.6 

1 

-0.4 

-2.5 

-0.8 

+0.2 


* Calculated from data in table 2. 


when one ion is substituted for another in the exchange complex. In this con- 
nection, AH for the reverse of a reaction such as {11) was found to be equal in 
magnitude but opposite in sign to that of the forward reaction. 

Note in table 4 that AH for the reactions K-Li, K-Na, K-NH 4 decreases in 
the order given. This is the familiar series of adsorption affinities. Jenny (4) has 
related the affinity between cations and siliceous exchangers to the hydrated 
radii of the ions concerned, which are alleged to decrease in the order Li > Na > 
K “ NH4. More recently Boyd et ah ( 1 ), Kressman and Kitchener (5), and 
others have suggested that affinity may be related to the parameter, a® (the 
distance of closest approach), of Debye-Huckel theory. Following the suggestions 
of Kressman and Kitchener, changes in coulomb energy of interaction wffien one 
cation is replaced by another have been calculated from the relation e^/Dd^ where 
e is electronic charge, D is the dielectric constant of the medium (5), and d is 
the equilibrium distance of separation of the exchangeable ions from the exchange 
spots on the resin. 

When for chloride salts (5) is substituted for d, the change in coulomb energy 
per mol is —0.8 Cal. forK-H exchange, —0.4 for Na-H exchange, —0.4 for K-Na 


122 


N. T. COLEMAN 


exchange, and —0.8 for K-Li exchange. Of course, the interaction between H+ 
and exchange materials is not entirely electrostatic. When Jenny’s values for the 
hydrated radii of ions are inserted for equilibrium distance of separation, the 
change in coulomb energy is —0.6 for K-Na exchange, —0.9 for K-Li exchange, 
and —0.3 for Na-Li exchange. On inserting Pallman’s (7) values for hydrated 
radii we are led to changes in coulomb energy of —0.8 for K-Na exchange, — 1.3 
for K-Li exchange, —0.5 for Na-Li exchange. It is considered significant that 
measured heats of ion exchange and calculated changes in coulomb energy of 
interaction are of the same order of magnitude. 

Note in table 4 that AHca- 2 K is negative, that is, heat is evolved when K+ 
replaces Ca on the resins lElOO and IR120. This is rather surprising, since ex- 



'/r 

Fig. 1. Exchange i^QXJiLiBEiUM Constants as Functions of Tempeeature 

change studies show that, in general, Ca"^ has a greater affinity for exchangers 
than does K"^. This points to a large negative entropy change when monovalent 
ions replace divalent ions, at least in the reactions studied here. This may be 
related to changes in ion hydration on adsorption and desorption (5). It is also 
true that Ca ions can be arranged in more ways on the exchanger than can K 
ions. 

Equilibrium constants and heat of reaction. Figure 1 shows logiofc as a function 
of l/T for K-Na exchange with IRIOO and IR120, for Ba-Ca exchange with 
IRIOO, and for Ca-2K exchange with IRIOO. To the four sets of data were fitted 
equations of the form: 

logioft =^ + .Blogr-f C {12) 

where A, B, and C are empirical constants, and T is absolute temperature. The 
values of the constants for the various exchange equilibria are listed in table 5. 
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The proper form of equation {18) was multiplied by the logarithmic modulus 
and diiferentialed with respect to T, assuming pressure to be constant. The 

resulting expression for was substituted into equation {5). Values of 

AHzqo calculated from the working equations are listed in column 5 of table 5. 
Calorimetrically measured heats of ion exchange are listed in column 6. Agree- 
ment between the derived and experimental values appears to be excellent. 

The similarity of values for heats of ion exchange obtained experimentally 
and those calculated from equilibrium data suggests that equations {8} and {S) 
used to describe exchange equilibria are thermodynamically consistent. The 
possibility exists, however, that the thermodynamic equilibrium constants calcu- 
lated with equations {2) and {S) are merely the ratios of the activity coefficients 
of the exchangeable ions. 

TABLE 5 


Empirical constants and derived values of AH° 3 o, and AS^zofor ion-exchange reactions 


ENACTION 

A 

B 

C 

AETlo PER MOL 

AFIo 

ASta 





Calculated j 

Measured 

PER MOL 

IRIOO :Na+-K+* 

645 

5.99 

-17.270 

! Cd. 

\ +653 

Cal, 

+700 

Cal. 

+400 

e, u. 

+0.84 

IR120:Na+-K+ 

283 

^ 3.05 

-8.750 

1 +545 

+500 

+498 

+0.16 

IR100:Ba++-Ca++ 

133 

2.63 

-7.423 

' +979 

+1000 1 

+656 

+1.06 

IRIOO :Ca++-2K+ 

-301 

-7.20 

+18.691 

1 -2686 

-2700 

+224 

-9.64 


* For exchange of Na*^ for K+, with IRIOO: 


log Z « ^ + 5.99 log T - 17.270 

AH = = -645-2.303-H + 5.99 iJT 

Aif® = -RT Infc .= -645-2.303-jB-6.99 BT log T + 17.270-2.303 RT. 

Considering the calculated values of A/S° for the ion-exchange reactions, table 
5 shows small entropy change for exchange between ions of the same valence. 

for such exchanges is of the sign that would be predicted from a mechanistic 
consideration of the system, that is, an increase in entropy when an ion of low 
affinity replaces an ion of higher affinity. 

AjS° for the replacement of Ca++ by is large and negative. If we consider 
that there are more ways in which divalent ions can be arranged among the 
exchange sites than there are for univalent ions, the sign of the entropy change 
is as expected. If, as Krishnamoorthy and Overstreet suggest (6), exchange sites 
may be considered to be arranged in linear array, the possible number of different 
arrangements of divalent ions is twice that for univalent ions, and AS for the 
exchange of Ca++ by K*^ would be —In 2 = 1.38 e.u. The sign of AS"" for the 
reaction is in accord with this prediction, but the magnitude is different, 

Bi4onic 'potentials. Potentials across membranes of IRIOO, IR120, and ben- 
tonite, separating solutions of different 1-1 electrolytes of equal mean activity 
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(0.077), are listed in table 6. The measured potentials are more negative in the 
order KCl-LiCl > KCl-NaCl > KC1-NH4C1. If the bi-ionic potential is identified 
with free energy change according to the equation, 

AF== — FE, 

the values listed in table 6 under the heading ''AF” are obtained. The columns in 
table 6 labeled show for comparison the corresponding standard free 

energy changes calculated from equilibrium constants. Agreement seems to be 
excellent. Apparently Marshall’s theory (8), modified to consider free energy 
change rather than heat of reaction, is substantially correct for the case of mono- 
valent ions. 

The measured potentials and calculated energy changes are of the same order 
of magnitude as those reported by Marshall (8) for bentonite and Putnam clay 
membranes. It should be pointed out, however, that in light of Sollner’s (11) 
theory of bi-ionic potentials, the potential for a pair of univalent electrolytes 

TABLE 6 


Bi4onic potentials and calculated AFzo° from the cell: Cal, \ KCl | membrane [ ACZ | Cal. 


MEM3RAKE 

LCl— LiCl 

KCl-NaCl 

KCl-HNiCl 

E 

AF 

per mol 

AF“ 
per mol 

E 

AF 

per mol 

AF® 1 
per mol 

E 

AF 

per mol 

AF“ 
per mol 


mv. 

Cal. 

Cal. 

mv. 

Cal. 

Cal. 

mv. 

Cal. 

Cal. 

IR-100 

33.8 

-779 

-734 

20.1 

-463 

-400 

1.0 

-23 

-17 

IR-120 

38.7 

-892 

-833 

24.3 

-561 

-498 

5.6 

-129 

-119 

Bentonite 

* 

* 

-1903 

41.2 

-950 

-939 

7.1 

-163 

-152 


* Reproducible emf. values were not obtained for the KCl-LiCl . 


would be a measure of the exchange constant only if the mobilities in the mem- 
brane of the two cations concerned were equal. 

SUMMAHY 

Heats of neutralization of three H-exchange resins and one clay were measured 
calorimetrically. AH’s for the exchange of metal cations for hydrogen and for 
the interchange of metal cations were calculated from heats of neutralization. 
AH’s so obtained corresponded closely to those measured for the direct exchange 
of the cations concerned, 

AH for the exchange of monovalent metal cations was of the same order of 
magnitude as was the expected change in coulomb energy of interaction. AH 
for the exchange of Ca+^ by was negative, indicating that a large negative 
entropy change may occur when a monovalent cation replaces a divalent cation. 

Data have been presented which show that calorimetrically measured heats 
of ion exchange are of similar magnitude to those calculated from equilibrium 
constants by means of the Van’t Hoff equation. Free energy changes calculated 
from equilibrium constants agree with general observations concerning adsorp- 
tion affinities. Entropy changes calculated for ion-exchange reactions are of the 
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Sign expected from mechanistic consideration of the system. Marshall's theory of 
membrane potentials, developed in terms of free energy change rather than heat 
of reaction, is supported by experimental evidence. 
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Thermodynamic properties of soil moisture other than the free energy or 
moisture potential have received little consideration in past investigations. The 
present study involved evaluation of the specific heat content and specific 
entropy of soil moisture in addition to the specific free energy. From these 
properties, it is possible to draw more definite conclusions concerning the physical 
and energetic status of soil moisture as well as the mechanism of soil water 
retention. 

The moisture potential or certain of the components of the moisture potential 
have been extensively studied since Buckingham (5) first applied the potential 
concept to soil water relations. Essential agreement exists as to the nature of 
the potential-moisture content relation, but methods for its evaluation have not 
been wholly satisfactory. 

The vapor pressure method employed by Thomas (18, 19), Puri et ah (14), 
Edlefsen (6), Alexander and Haring (1), and others has contributed immensely 
to the understanding of the nature of the relation between moisture potential 
and moisture content. This method is stiU thermodynamically sound for such 
studies. Results obtained by such measurements withstand rigorous interpreta- 
tion as the total moisture potential Investigations by the vapor pressure method 
indicate that the moisture-potential-moisture-content function is essentially 
hyperbolic over a wide range of moisture contents. 

Certain technical features make such measurements extremely difficult and 
lead to considerable uncertainty, especially in the range of high relative vapor 
pressure. Since this is the range of most practical significance, this objection is 
serious. A further limitation in the method is the so-called hysteresis effect in 
which soil samples that are intially dry fail to reach the moisture content at- 
tained by samples that were initially moist when placed in the same atmosphere. 

The heat of wetting method has been employed by a number of investigators 
as a soil characteristic and in studies of the energetics of soil moisture. Anderson 
(2) and Bouyoucos (3) concluded that the heat of wetting is largely determined 
by the percentage of colloidal material present. Pate (13), in investigating the 
effect of the nature of replaceable cations upon the heat of wetting, concluded 
that the heat of wetting follows in general the lyotrophic series. 

Bouyoucos (4), Hoseh (9), and Puri and Hoon (15) have studied the effect of 
the moisture content on the heat of wetting. They concluded that increasing 
moisture content rapidly reduces the heat liberated. Puri and Hoon further con- 
cluded that the heat of wetting is appreciable up to about 0.90 relative vapor 
pressure, above which it becomes insignificant. 

^Irrigation Experiment Station, Prosser, Washington. The investigations reported 
herein were conducted at the University of California at Davis. 
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Edlefseii and Anderson (7) have discussed a thermodynamic treatment for 
measurements of heat of wetting on soils. The interpretation proposed has been 
employed by Katz (10), by Fricke and Liike (8), and by Stamm and Lough- 
borough (16, 17) in such measurements for various organic colloidal systems. 
Such a treatment of heat of wetting data yields the thermodynamic property 
called the ^'specific heat content.’’ Combination of the specific heat content 
values with specific free energy or moisture potential values yields a third thermo- 
dynamic property, the specific entropy. 

The present study involved evaluation of the specific free energy by the static 
vapor pressure method and the specific heat content from heat of wetting meas- 
urements. From these two properties it was possible to compute the specific 
entropy, which permits conjecture as to the mechanism of soil moisture retention 
and the physical state of soil water. 

EQUIPMENT AND METHODS 
Vapor pressure determinations 

The static vapor pressure method was used for evaluating the free-energy- 
moisture-content relations. Fourteen H2SO4 solutions producing a wide range 
of relative vapor pressures were prepared and placed in a series of vacuum desic- 
cators. The desiccators were painted to exclude light and placed in a covered 
water bath maintained at constant temperature. As emphasized by Linford (11, 
12), light falling upon the samples produces a heating effect which leads to 
serious errors in such determinations. 

Three soils of the Yolo series with a wide textural range were used to present 
a diversity of moisture characteristics. Soil D-2 was a fine sandy loam with a 
moisture equivalent of about 13 per cent. Soil 53 was a clay with a moisture 
equivalent of about 26 per cent, and soil H-3 was a loam with a moisture equiva- 
lent of about 18 per cent. Two lots of each soil were prepared well in advance of 
the initial determinations. One lot was brought to a moisture content approxi- 
mating the moisture equivalent, and the second lot was dried for several days 
in an oven at 85°C. These preparations were made to allow study of both the 
wetting and drying arms of the free-energy-moisture-content relations. 

Determinations were made at three temperatures: 9.4, 19.9, and 29.9^0. Six 
replicate samples of about 2 to 3 gm. from both the moist and the dry lots of each 
soil were placed in each desiccator. The desiccators were sealed, evacuated, and 
allowed to remain in the bath for 76 to 95 days, a period considered sufficient for 
at least a close approach to the equilibrium values. At the end of this time, 
air was slowly admitted to the desiccators, the lids were removed, and the sam- 
ples were quickly transferred to small weighing cans that had been previously 
dried and weighed. The samples were weighed, dried at 105®C., reweighed, and 
the moisture contents determined. All weighings were made to 0.2 mgm., thus 
giving an accuracy of 0.01 per cent moisture content for each determination. 

Each H2SO4 solution was titrated with a suitable standard NaOH solution 
immediately following each set of determinations, and the relative vapor pres- 
sure was determined graphically from data presented by Puri and Hoon (15). 
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Heat of wetting det^rminatiom 

For the two finer textured soils employed in the vapor pressure analyses, 
calorimetric heat of wetting measurements were made by a technique similar to 
that of Puri and Hoon (15). The calorimeter consisted of a pint Dewar flask fixed 
into a cardboard cylinder and fitted with a Beckmann thermometer and stirrer. 
A pint Thermos bottle fitted with a stirrer and Beckmann thermometer served 
as the accessory vessel. 

A measured quantity of water was added to the calorimeter, its temperature 
was recorded, and a second quantity of warmer water was then added from the 
accessory vessel. From the initial and final temperatures of the water in the 
calorimeter, the temperature of the water added, and the quantities of water 
involved, it was possible to evaluate the water equivalent of the calorimeter. 
The Beckmann thermometer settings were checked with a standard thermometer 
in a well-stirred water bath after each determination. All Beckmann readings 
were estimated to O.OOl^C., and the standard thermometer was estimated to 
0.01°C. This permitted measurements of temperature changes of about 0.002®C. 
and simultaneously permitted evaluation of the temperature of the determina- 
tion. 

The specific heats of the soils used were determined by first adding a known 
quantity of soil to the calorimeter along with sufficient water to form a dilute 
suspension. The suspension was slowly stirred until thermal equilibrium was 
established. The temperature was then recorded, and a quantity of warmer water 
was added from the accessory vessel. From the initial and final temperatures of 
the suspension, the temperature of the water added, the water equivalent of the 
calorimeter, and the quantities of soil and water involved, the specific heat of 
the soil could be computed. 

The heat of wetting measurements were made by first adding a known quan- 
tity of previously prepared soil to the calorimeter. The thermometer bulb was 
gently imbedded in the soil, and when thermal equilibrium was established, a 
small sample of the soil was removed for the moisture content determination. 
The temperatures of the soil and the water in the accessory vessel were recorded, 
and a quantity of the water was quickly added to the soil. The suspension was 
slowly stirred and the temperature periodically recorded until the final tempera- 
ture was reached. All determinations were made at a temperature closely ap- 
proximating that of the environment so that no temperature correction for the 
heat exchange between the calorimeter and surroundings was required. 

From the water equivalent of the calorimeter and the specific heat of the soil, 
the temperatures involved, and the quantity of soil and water, it was possible 
to calculate the integral heat of wetting AQ or the heat exchange per gram of soil. 

Heat of wetting measurements were made for the two soils at three tempera- 
tures corresponding to those of the vapor pressure determinations. The approxi- 
mate mean temperatures of the determinations were 10.5, 21.0, and 27.5'^C., 
with most of the determinations falling within 0.75®C. of the mean. 

Determinations were made for moisture contents from oven-dryness to a value 
approaching the permanent wilting percentage for each of the soils used. Both 
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wetted and dried samples of each soil were used for comparison with similar 
treatments in the vapor pressure measurements. The wetted samples were those 
whose moisture content was attained by wetting with an atomizer; the respective 
moisture contents were attained for the dried samples by allowing water to 
evaporate from previously moistened soils. In each case, the samples were stored 
for a considerable period to allow moisture adjustments prior to the determina- 
tions. 


TABLE 1 

Results of vapor pressure determination at showing moisture content and specific free 

energy for wetted and dried samples of three soils 


MOISTUUE CONTENT (DEY WEIGHT) 


SPECIFIC FREE 
ENERGY 

Soil D-2 

Soil H-3 

Soil S3 

Wetted 

Dried 

Wetted 

Dried 

Wetted 

Dried 

10*^ ergsfgm. 

per cent 

per cent 

Per cent 

per cent 

per cent 

per cent 

- 0.0027 

6.4 

7.2 

8.4 

10.5 

12.2 

15.6 

- 0.0039 

6.1 

7.0 

7.8 

9.7 

11.2 

13.9 

- 0.0105 

5.6 

6.8 

7.4 

9,5 

11.0 

14.2 

- 0.0171 

5.5 

6.3 

7.0 

8.6 

10.3 

12.4 

- 0.045 

4.66 

5.35 

6.12 

7.21 

9.00 

10.13 

- 0.133 

3.84 

4.59 

5.08 

6.04 

7.02 

8.39 

- 0.226 

3.42 

3.96 

4.51 

5.38 

6.31 

7.34 

- 0.480 

2.42 

2.97 

3.27 

4.08 

4.78 

5.59 

- 0.714 

2.37 

2.73 

3.16 

3.73 

4.48 

5.08 

- 0.946 

2.20 

2.52 

2.89 

3.45 

4.07 

4.61 

- 1.33 

1.73 

2,03 

2.32 

2.77 

3.35 

3.81 

- 1.81 

1.57 

1.75 

2.06 

2.36 

2.99 

3.30 

- 1.98 

1.50 

1.67 

1.96 

2.27 

2.78 

3.12 

- 3.34 

1.12 

1.23 

1.39 

1.62 

1.98 

2.24 


EXPERIMENTAL 

Vapor pressure determinations 

Specific free-energy-moisture-content relations for the three soils employed at 
three temperatures are presented in tables 1, 2, and 3. The values of specific free 
energy were obtained by the following fundamental thermodynamic formula: 

A/. ^ in p- 0) 

where A/ is the specific free energy of the soil water, R is the universal gas con- 
stant, T is the absolute temperature, M is the molecular weight of water, and 
P and Po are the vapor pressure of the soil water and the vapor pressure of free 
water respectively. The moisture contents given represent the mean of the six 
replicates. For relative vapor pressures less than about 0.90, the individual mois- 
ture contents seldom varied more than 0.05 per cent from the mean. At higher 
relative vapor pressures the variations increased to as much as 0.2 per cent from 
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TABLE 2 

Results of mpor pressure determinations at showing moisture content and specifie 

free energy for wetted and dried samples of three soils 


MOISTUKE CONTENT (OEY WEIGHT) 


SPECIFIC TREE 
ENEEGY 

Soil D-2 

Soil H.3 

Soil 53 

Wetted 

Dried 

Wetted 

Dried 

Wetted 

Dried 

lO'S ergs/gm 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

-0.0012 

6.9 

7.5 

9,4 

10.6 

14.2 

15.9 

- 0.0028 

6.3 

7.2 

8.5 

10.3 

12.4 

16.1 

- 0.0041 

6.0 

6.7 

8.2 

9.4 

12.2 

13.7 

- 0.0109 

5.5 

6.1 

7.3 

8.6 

10.9 

12.4 

- 0.0178 

5.4 

5.9 

7.0 

8.0 

10.4 1 

11.5 

- 0.0512 

4.6 

5.0 

5.9 

6.8 

8.5 

9.8 

- 0.144 

3.83 

4.29 

5.10 1 

5.84 

7.16 

8,12 

- 0.259 

3.26 

3.73 

4.36 

5.02 

6.13 

7.02 

- 0.527 

2.51 

2.85 

3.45 

4.01 

4.73 

5.39 

- 1,040 

2.08 

2.27 

2.83 

3.22 

3.97 

4.36 

- 1.458 

1.85 

^ 1.95 

2.51 

2.80 

3.41 

3.72 

- 1.968 

1.51 

1.62 

2.05 

2.25 

2.83 

3.23 

- 2.264 

1.32 

1.45 

1.78 

I 2.06 

2.47 

2.82 

- 3.835 

1.04 

1.18 

1.29 

1.48 

1.77 

2.06 


TABLE 3 

Results of vapor pressure determination at showing moisture content and specific 

free energy for wetted and dried samples of three soils 


MOISTtrUE CONTENT (dEY WEIGHT) 


SPECIFIC FEEE 
ENEEGY 

Soil D-2 

Soil H-3 

Soil S3 

Wetted 

Dried 

Wetted 

Dried 

Wetted 

Dried 

10~® ergs/gm. 

Per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

- 0.0029 

5.8 

6.3 

7.6 

8.8 

11.6 

12.9 

- 0.0042 

5.4 

6.3 

6.9 

8.8 

11.0 

12,8 

- 0.0126 

5,0 

5.6 

6.6 

7.8 

9.7 

11.3 

- 0.0168 

4,8 

5.5 

6.2 

7.4 

9.3 

10.6 

- 0.0483 

4.56 

5.19 

5.85 

6.90 

8.76 

10.22 

- 0,137 

4.05 

4.53 

5.29 

6.15 

7.59 

8.60 

- 0,228 

3.64 

4.14 ; 

4.80 

5.54 

1 6.81 

7.71 

- 0.514 

2.83 

3.25 

3,72 

4.29 

5.30 

5.91 

- 0,745 

2.61 

2.84 

3.47 

3.89 

4,84 

5.26 

- 1.15 

2.21 

2.34 

2.86 

3.18 

4.11 

4.43 

- 1.39 

1.98 

2.21 

2.59 

2.99 

3.71 

4.16 

- 2.07 

1.56 

1.67 

1.99 

2.30 

2.89 

3.16 

- 3.50 

1.19 

1.24 

1.50 

1.61 

2.15 

2.28 


the mean, with even greater variability at relative vapor pressures in excess of 
0.99. 

Since it was desired to compare the specific free energy values with values 
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obtained from the heat of wetting measurements, it was necessary to determine 
specific free energy at specific moisture contents. The data were, therefore, plotted 
semilogarithmically, and an essentially straight line relation was found to exist 
over a major part of the curve, as reported by Alexander and Haring (1) for 
similar measurements on soil colloids. 

Mathematical relations were derived for the exponential part of the curve to 
compute the specific free energy values desired. The expressions were of the form 

Af - a (B) 

where A/ is the specific free energy, m the fractional moisture content, a and b 

TABLE 4 


Integral heat-of -wetting-moisture-content relations for wetted and dried samples of soil 5S 

at three temperatures 


10.5‘’C. i 


21 



27.SX. 

Wetted 

Dried 

Wetted 

Dried 

Wetted 

Dried 

Moisture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wetting i 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

per cent 

cal./gm. 

per cent 

cal.fgm. 

per cent 

cal.lgm. 

per cent 

cal./gm. 

per cent 

cal./gm. 

per cent 

cal./gm. 

0.93 

-3.63 

1.53 

-3.03 

0.80 

-3.70 

1.31 

-3.13 

0.56 

-3.77 

0.845 

-3.65 

1.80 

-2.49 

2.49 

-2.05 

1.63 

-2.60 

2.18 

-2.10 

1.47 1 

-2.45 

0.925 

-3.38 

2.34 

-1.96 

3.52 

-1.13 

2.30 

-1.96 

2.80 

-1.60 

2.11 

-1.83 

1.24 

-2.88 

3.10 

-1.29 

3.65 

-1.27 

2.89 

-1.33 

3.31 

-1.21 

2.60 

-1.40 

2.45 

-1.66 

4.23 

-0.715 

4.11 

-0.941 

4.16 

-0.701 

4.27 

-0.854 

3.89 

-0.665 

3.09 

-1.16 

5.52 

-0.398 

5.70 

-0.433 

5.47 

-0.413 

5.46 

-0.467 

5.24 

-0.369 

' 4.05 

-0.730 

7.82 

-0.149 

6.72 

-0.253 

7.79 

-0.139 

6.54 

-0.321 

7.53 

-0.118 

4,29 

-0.692 

10.01 

-0.068 

7,36 

-0.178 

10.07 

-0.046 

7.72 i 

-0.191 

9.83 

-0.0299 

5.42 

-0.480 



8.03 

-0.123 







5.46 

-0.391 



8.29 

-0.152 

i 






7.02 

-0.218 



9.36 

-0.087 

■ 




i 



7.59 

-0.196 


are constants, and e is the base of natural logarithms. These expressions satis- 
factorily fit the data for the specific free energy range 0.02 X 10^ to 3.5 X 10® 
ergs per gram. In some of the comparisons which follow, the expressions have 
been extrapolated somewhat beyond these limits and the values so obtained are 
somewhat questionable. It was felt, however, that as a first approximation such 
errors would not be serious in the present investigation. 

Heat of wetting determinations 

Integral heats of wetting for the two soils employed at three temperatures are 
presented in tables 4 and 5. The values of AQ, the integral heat of wetting, are 
negative in sign to concur with the accepted thermodynamic convention that 
heat liberated is negative. Each of the values represents the mean value for four 
to eight replicate determinations. The individual moisture content values seldom 
varied by more than 0.05 per cent from the mean. The integral heats varied from 
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3 to 5 per cent from the mean at the lower moisture eoEtents and as much as 
25 to 30 per cent at the highest moisture contents. These relatively high per- 
centage errors were, however, not serious because of the small quantities of heat 
involved. 

For a thermodynamic interpretation of the heat of wetting measurements, it is 
not the integral heat of wetting AQ which is of most interest. This quantity rep- 
resents the heat exchange per gram of soil, initially at an arbitrary moisture 
content m, upon its immersion in an excess of water. The heat exchange upon the 
addition of a gram of water to a large mass of soil already at moisture content m 
is of greater thermodynamic significance. This quantity, which is referred to as 

TABLE 5 

Integral heat-of-wetting^moisture-content relations for wetted and dried samples of soil E-S 

at three temperatures 


10.S®C. 

21X. 

27.5*C. 

Wetted 

Dried 

Wetted 

Dried 

Wetted 

Dried 

Moisture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wettting 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

Mois- 

ture 

content 

Integral 
heat of 
wetting 

p&r cent 

cal. /gin. 

per cent 

cal./gm. 

per cent 

cal./gm. 

per cent 

cal./gm. 

per cent 

cal./gm. 

per cent 

cal./gm. 

1.61 

-1.32 

0.73 

-2.73 

0.25 

-3.00 

0.55 

-2.62 : 

0.29 

-2.78 i 

0.39 

-2.76 

1.82 

-1.16 

1.40 

-1.72 

0.48 

-2.70 

1.72 

-1.33 j 

0.78 

-2.04 i 

1.12 

-1.82 

1.93 

-1.08 

3.18 , 

-0.592 

0.92 

-2.04 

1.82 

-1.21 

1.30 

-1.42 

1.25 

-1.62 

2.47 

-0.701 

4.77 

-0.242 

1.36 

-1.52 

1.95 

-1.14 

1.81 

-1.00 

1.33 

-1.57 

2.64 

-0.641 

5.87 

-0.112 

1.82 

-1.11 

2.61 

-0.801 

2.34 

-0.726 

1.55 

-1.32 

2.74 

-0.648 

6.09 

-0.125 

2.34 

-0.752 

3.19 

-0.573 

2.64 

-0.523 

2.60 

-0.722 

3.52 

-0.315 

7.75 

—0.052 

2.80 

-0.549 

4.47 

-0.248 

3.34 

-0.301 

3.10 

-0.525 

3.73 

-0.381 

' 7.89 

-0.041 

3.71 

-0.325 

5.19 

-0.159 

3.60 

-0.321 

4.36 

-0.242 

5.31 

-0.150 

8.30 

-0.021 

4.11 

-0.259 

: 5.84 

-0.107 

4.00 

-0.195 

5.80 

-0.097 

8,15 

-0.043 



5.23 

-0.129 

6.08 

-0.077 

5.07 

-0.119 

7.04 

-0.047 





6.36 

-0.064 

6.97 

-0.066 

6.07 

-0.038 







7.46 

-0.036 



6.51 

-0.046 







8.74 

-0.030 



7.39 

-0.020 




the differential heat of wetting 


— ) , represents the change in specific heat 
dm/ T 


content AA during the process. 

The method for obtaining the differential heat of wetting values from the 
integral heat of wetting determinations is described by Edlefsen and Anderson 
(7). It consists simply of determining the heat exchange Aq in bringing a sample of 
soil from zero moisture content up to the moisture content m in question. These 
values of Aq are then plotted against the fractional moisture content m, and the 

slope of the curve obtained is the value of the differential heat of wetting ^ 

or the specific heat content AA, 

The values of Aq are obtained at successive moisture contents by computing 
the difference between the integral heat of wetting AQo at zero moisture content 
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and the integral heat of wetting AQ at the moisture content in question. Obvi- 
ously, the curve representing the difference AQo — AQ plotted against the mois- 
ture content as described is merely the complement of the relation between the 
integral heat of wetting AQ and the moisture content. Therefore, the slopes or 
first differentials of the two relations are numerically equal but opposite in sign 

at any arbitrary moisture content. Thus, the differential heat of wetting ( ^ ) 

\dm/T 

can be determined merely by changing the sign of the slope or first differential 
of the integral heat of wetting relations. 

This method was employed in the present investigation for determining the 
differential heat of wetting. The data from tables 4 and 5 were plotted semi- 
logarithmically, and, as for the specific free energy functions, a straight line 
relation was found to exist over a wide range of moisture contents. Mathematical 
expressions were derived and differentiated. Negative values of the first dif- 
ferential obtained represent the differential heat of wetting or specific heat 
content. 


DISCUSSION 

Specific free energy relatiom 

Values for the specific free energy at a series of moisture contents were com- 
puted for the three soils at the three temperatures. The relations differed only 
in the location of the curves. Figure 1 illustrates the nature of the relation and 
the magnitudes involved for soil 53 at 9.4°C. Data for both wetted and dried 
samples are depicted with experimental and computed points. The so-called 
hysteresis effect, or the failure of wetted and dried samples to attain equivalent 
moisture contents, was evident in each case for all moisture contents employed 
and was of comparable magnitude for each soil at the three temperatures. 

The relations are typical of previously published vapor pressure data. The 
values of specific free energy were negative for all moisture contents studied and 
increased numerically in an exponential manner with reducing moisture content. 
The relatively small reduction in specific free energy at the higher moisture con- 
tents illustrates one of the serious limitations in the vapor pressure method for 
studies of the energy relations of soil moisture. This relatively small change in 
specific free energy with changes in moisture content produces considerable un- 
certainty as to the exact nature of the relations in this range. For the present in- 
vestigation, however, it is felt that the relations are sufficiently clear-cut for the 
comparisons and computations to be made. 

The variation of the specific free energy with temperature was not conclusive 
from the vapor pressure study. For the wetted samples, it appears that the 
specific free energy increases numerically with increases in temperature. The 
change appears to be, to a first approximation, directly proportional to the ratio 
of the absolute temperatures. For the dried samples, a similar relation exists for 
the determinations at 9.4 and 29.9°C. The values at 19.9°C., however, were 
numerically smaller than the values at 9.4'^G. The nature of the data and the 
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small apparent changes in specific free energy with temperature preclude an 
exact statement concerning this variation. 

Specific heat content relations 

Specific heat content or differential heat of wetting values for the two soils 
employed were computed for the same moisture content values as those used in 
the specific free energy calculations. All the relations were identical in form and 
varied only in location of the curves. Figure 2 illustrates the nature of the rela- 
tions and the magnitudes involved for soil 53 at 10.5°C. As in the specific free 
energy relations, the values for the wetted and dried samples again displayed 



Fig. 1 Pig. 2 

Fig. 1. Specific-Free-Energy-Moistubb-Content Relations fob Wetted and Dried 

Samples of Soil 53 at 9.4®C. 

Pig, 2. Specific-Freb-Energy-Moisturb-Content Relations for Wetted and Dried 

Samples of Soil 63 at 10.5°C. 

the hysteresis effect. Although the magnitude of the effect was not so large as 
in the specific free energy values, its appearance in the specific heat content values 
is further evidence of the reality of the effect. 

The occurrence of the hysteresis effect in vapor pressure studies has been at- 
tributed to failure to allow sufficient time for establishment of equilibrium. Al- 
though about 3 months were allowed in this study, the vapor pressure measure- 
ments are subject to the same criticism. The heat of wetting measurements do 
not depend on this time factor. Such measurements are governed by the state 
of the soil system at the time of its immersion. It is believed, therefore, that the 
appearance of the hysteresis effect in the specific heat content values is more 
concrete evidence of the reality of the effect than are the vapor pressure data. 
It should be pointed out, however, that neither of the measurements constitutes 
absolute proof of the existence of the effect, nor does it suggest explicitly the 
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mechanism involved if the ejffect is real. Possibly the effect appears, not because 
of its inherence in the nature of the soil moisture system, but rather because of 
physical alterations in the samples incurred during their preparation for the 
measurements. 

As in the specific free energy relations, all values of the specific heat content 
were found to be negative for the soil moisture contents studied. The values in- 
creased numerically in an exponential manner with decreasing moisture content. 
The measurements were limited to the relatively dry soil moisture range be- 
cause of the small quantities of heat exchanged at higher moisture contents. 
Possibly at higher moisture contents the values may assume a positive magnitude. 

The specific heat content values show considerable variation with temperature. 
In contrast to the specific free energy values, the specific heat content was found 
to decrease numerically with increases in temperature. 

A comparison of the magnitudes in figures 1 and 2 shows that at all moisture 
contents studied, the specific free energy is exceeded in numerical magnitude by 
the specific heat content. From these two relations it is possible to calculate a 
third thermodynamic property, the specific entropy, by means of Gibbs^ equation: 


As 


Ah — Af 

f ’ 


(S) 


where As is the specific entropy, T the absolute temperature, and Ah and Af the 
specific heat content and specific free energy respectively. This property was 
computed for both wetted and dried samples of the two soils at three tempera- 
tures. Although the temperatures of the vapor pressure and heat of wetting 
measurements were not equal in all cases, the differences were not so great as to 
cause serious errors in the specific entropy computations. 

Since the specific heat content values in all cases exceeded the specific free 
energy values in numerical magnitude, the specific entropy assumed a negative 
sign. All of the specific entropy relations were similar in nature, with a tendency 
to decrease in numerical magnitude with increasing temperature. Figure 3 illus- 
trates the specific entropy relation for dried samples of soil 53 at the lower tem- 
perature along with the specific free energy and specific heat content relations 
from which it was obtained. The hysteresis effect also appeared in the specific 
entropy values, but the indirect methods used in obtaining these values may 
produce errors as large as or larger than the differences obtained betw-een the 
values for the wetted and dried samples. In addition, the values of specific en- 
tropy obtained at the lowest moisture contents displayed a decreasing numerical 
magnitude, and in some cases even a positive value was obtained at the arbitrary 
zero moisture content. These values are extremely questionable because of the 
extrapolation required in obtaining the values from which they were computed. 

The specific entropy values obtained are essentially the same as those reported 
by Stamm and Loughborough (16, 17) for wood and for cotton. Fricke and Luke 
(8) in a similar study of agar found the specific entropy to be reduced but constant 
over a wide range of moisture contents. Their findings indicate the similarity in 
the moisture^nergy relations between soils and certain organic materials. 
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The negative entropy values obtained are highly significant with regard to the 
mechanism of soil water retention and the physical state of soil water. The 
entropy is a thermodynamic measure of the randomness of a system, negative 
values indicating a reduction in randomness. The negative values obtained indi- 
cate a reduction in randomness of soil water, at least in the range studied. This 
reduced randomness might be caused either by orientation or by association of 
the water molecules. Changes in association or orientation may be caused by a 
variety of mechanisms in the soil moisture system. It is well established that 
several forces may be coexistent in soil moisture retention, and the predominance 
of certain forces in certain moisture regions results in the continuous nature of 
the specific-free-energy-moisture-content relation. This same interaction of forces 
results in the continuous-entropy-moisture-content relation, and the predom- 



M0( STORE CONTENT 

Fig. 3. Specific Feee Energt, Specific Heat Content, and Specific Entropy as 
A Function of Moisture Content for Dried Samples of Soil 53 at About 10°C. 

inant forces in the moisture content range studied are those producing orienta- 
tion or association with accompanying negative specific entropy values. 

Three types of forces acting in soil water retention in the range of moisture 
contents studied probably produce negative specific entropy values. First, the 
presence of the water within the electric force field should produce orientation of 
the water molecules. Second, positive hydrostatic pressure within the water films 
resulting from the attraction of superimposed molecular layers should produce 
association or orientation. Third, hydration of ions or precipitated salts should 
produce a reduced randomness. 

The electrostatic forces of the electric force field attract the water molecules 
and retain them in a more or less rigid lattice structure, thus reducing their free- 
dom of movement. This effect is manifest for some distance from the soil particle 
surface. It is reduced rapidly with increasing distance from the soil particle sur- 
face because of the rapid reduction in field strength. The attraction of the water 
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molecules beyond the molecular layer immediately adjacent to the soil particle 
results in positive hydrostatic pressures within the underlying layers. This posi- 
tive pressure reduces the freedom of movement of the water molecules. These 
same effects would be present in hydrated ions or hydrated salt molecules. The 
water of hydration would possess less freedom of movement than would free 
water, and the ionic forces present would reduce the randomness of adjacent 
water molecules in addition to those held rigidly as water of hydration. Negative 
pressures or tensions due to surface tension forces would result in increased ran- 
domness with positive entropy values. A combination of these forces results in 
the negative entropy values obtained in the present investigations. 

It thus appears that the dominant forces in water retention in soils for all 
moisture contents, at least up to the permanent wilting percentage, are the 
electric field forces and, to a lesser extent, the salts present in the soil solution. 
The surface tension forces apparently remain of secondary importance at least 
up to this moisture content. This predominance helps to explain the rapid change 
in slope of the specific-free-energy-moisture-content relation as the moisture 
content approaches the permanent wilting percentage. 

SUMMAEY AND CONCLUSIONS 

The present investigation was undertaken to obtain a more complete under- 
standing of the energetics of soil moisture and to establish more clearly the nature 
of the forces involved in soil moisture retention. The methods employed were 
chosen primarily because of their thermodynamic rigidity; other deficiencies in 
the methods were considered of secondary importance. 

Each of the three thermodynamic properties investigated (the specific free 
energy, the specific heat content, and the specific entropy) was found to be re- 
duced at all moisture contents studied. The specific free energy and specific heat 
content each exhibited the characteristic hysteresis effect, thus supporting its 
reality in the soil moisture system. The methods employed in obtaining the 
specific entropy, however, prevent any conclusive statement concerning the 
hysteresis effect in this property. 

The specific free energy, the specific heat content, and the specific entropy 
were found to be affected somewhat by temperature for the temperature range 
studied. The specific free energy was found to increase numerically with increas- 
ing temperature, but the change was neither large nor consistent. The specific 
heat content and specific entropy were found to decrease numerically with in- 
creasing temperature. 

The negative specific entropy values show that the randomness of the soil 
moisture is reduced over the range of moisture contents studied. This reduced 
randomness indicates that the major contributor to soil moisture retention for 
moisture contents, at least up to the permanent wilting percentage, is the electric 
force fields surrounding the soil particles. 
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The role of the fluoride ion in the release of adsorbed phosphate has received 
considerable attention from soil chemists ( 1 , 3, 6 , 11 ). Swenson, Cole, and Sieling 
( 11 ) showed that the fluoride ion, when its concentration was in excess of six 
moles of fluoride to one mole of aluminum, prevented the precipitation of phos- 
phate by aluminum ion, whereas the corresponding effect w^hen aluminum was 
replaced with ferric ion was very slight. They concluded that the efficiency of 
the fluoride ion in releasing colloid-bound phosphate depended on its ability to 
form stable complexes with iron and aluminum. 

The results reported here, in which x-ray analysis was used to identify the 
products of the reaction between the hydroxide gels of aluminum or ferric iron 
and ammonium fluoride, support the conclusions of Swenson et aL 

ABSORPTION OF PHOSPHATE BY ALUMINUM ANB IRON HYBROXIBES ANB ITS RELEASE 

BY THE FLUORIBE ION 

Aluminum and ferric hydroxide gels were prepared by adding NH 4 OH in 
slight excess to aqueous solutions of the nitrate salts of the metals. The super- 
natant liquids were removed by centrifugation, and the gels washed with water 
to which a trace of NH 4 OH had been added. Each batch of prepared gel was 
washed into a large flask, and water was added to give a specific volume. The 
amount of Al(OH )3 or Fe(OH )3 present was determined by evaporating to dry- 
ness and igniting aliquots of the suspensions. One-hundred-milliliter aliquots of 
H 3 PO 4 with concentrations ranging from 0.89 to 114 ppm. P, all adjusted to 
pH 7 with NH 4 OH, were mixed with portions of the gels for 5 minutes and the 
supernatant liquids centrifuged off. The amount of gel used in each case repre- 
sented 150 to 250 mgm. of ignited oxide. The phosphate adsorbed was calculated 
from the decrease in its concentration in solution due to contact with the gels. 
The method described by Eurtz (5) was used in determining phosphate con- 
centration in solution. 

The curves in figure 1, which are representative of the results showing the rela- 
tion between the equilibrium concentration in solution (5-minute contact) and 
the amount adsorb^ by the gels, could all be represented reasonably well by the 
adsorption isotherm y ~ ox”, where y is milligrams of P adsorbed per gram of 
metal oxide md x is the equilibrium concentration in solution expressed as parts 
per million P. The experimental results with the Fe(OH )3 gel precipitated from 
a cold solution (curve C, fig. 1) did not follow the calculated curve very well but 

1 Scientific Contribution No. 212 of the Division of Chemistry, Science Service, Ottawa, 
Canada. The petrographic examinations were made by L. M. Patry of this laboratory. 
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this was thought to be caused by rather serious peptization of the gels, especially 
at the higher concentrations of phosphate. The differences in the isotherms for 
each hydroxide were apparently caused by the different treatments of the gels, 
as indicated in figure 1. 

The gels, after treatment with the phosphate solutions, were extracted with 
100-ml. aliquots of neutral N NH4F, and the phosphate in the supernatant 
liquids was determined. The significant difference in the efficiency of neutral N 



Fig. 1. Eelation Between Eqxjilibbitjm Concenteation in Solution (ppm, P) and 
Phosphate Adsoebed by Gels (mgm. P/gm. metal oxide) 

A: hydroxide precipitated from a hot solution, y = 12.30 B: hydroxide precipi- 

tated from a hot solution and aged for 6 weeks, y = 4.40 a;®-®®®. C: hydroxide precipitated 
from a cold solution, y = 7.78 D: hydroxide precipitated from a hot solution, y “ 
2.84 re® *3^0. mgm. P adsorbed per gm. metal oxide, x = ppm. P in solution after 5 
minutes). 

NH4F as an extractant of phosphate adsorbed by AI(OH)3 compared with its 
efficiency when the phosphate was adsorbed by Fe(OH)3 is apparent from com- 
parison of table 1 with table 2. Table 1 shows that roughly 90 per cent of the 
phosphate adsorbed by Al(OH)3 was released with one 24-hour extraction by 
NH4F and more than 60 per cent was extracted in 5 minutes. On the other hand, 
when Fe(OH)3 was the adsorbent (table 2), less than 9 per cent of the phosphate 
was released in 5 minutes by the NH4F when the adsorbent was freshly precip- 
itated from a hot solution, and none at all when the adsorbent was precipitated 
from a cold solution even though the time of extraction was 24 hours. 
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The relative efficiency of neutral NH4F as an extractant of phosphate adsorbed 
by A1(0H)3 compared with its efficiency when the phosphate was adsorbed by 
F6(0H)8 corresponds to the stabilities of the complexes formed by the two metals 
with fluoride. Aluminimi-fluoride complexes are more stable than are iron-fluoride 


TABLE 1 

Phosphate adsorbed by Al{OH)z and released by NEiF 


AiCOH)* rEESHLY PRECIPITATED PROM A HOT 
SOLUTION 

A1(0H)» PXECPITATED PROM A HOT SOLUTION AND AGED 6 TOEKS 

P adsorbed per gram 
metal oxide 

P released by NH^F, 
24-hour contact 

P adsorbed per gram 

P released by NHiF 

metal oxide 

5-minute contact 

24-hour contact 

mgm 

per cent 

fagm. 

per cent \ 

percent 

8.7 

89.3 

8.2 

62.9 ! 


15.7 

90.6 

9.8 


92.9 

20.3 

92.0 

11.1 

69.8 


22.9 

93.1 

13.4 


90.1 

26.1 

96.4 

13.5 

66.7 




14.7 


97.7 



16.5 

72.1 




15.9 


91.5 



16.6 

66.7 




16.6 


96.1 



17.1 

70.8 



TABLE 2 

Phosphate adsorbed by Fe{()H)z and released by NHiF 


Fe(OH)| PRESHLY PRECIPITATED PROM A COLD SOLUTION 

Fe(OH)» PRESHLY PRECIPITATED PROM A HOT SOLUTION 

P adsorbed per gram 
metal oxide 

P released by NEUF, 
24-hour contact 

P adsorbed per gram 
metal oxide 

P released by NH 4 F, 
5-minute contact 

mgm. 

per cent 

mgm. 

per cent 

3.9 

0 

0.6 

8,7 

7.7 

0 

2.7 

2.5 

10.9 

0 

4.2 

3.5 

12.8 

0 

6.6 

5.7 

15.3 

0 

7.0 

6.5 

16.8 

0 

8.7 

8.9 

15.9 

0 

8.8 

6,9 

19,0 

0 



19,3 

0 



23.0 

0 




complexes ( 4 ). Experiments were therefore made, using x-ray analysis, to deter- 
mine the effect of neutral NH4F on the hydroxides of aluminum and ferric iron. 

X-RAY DIFFRACTION STUDIES OF THE REACTION BETWEEN NH4F AND THE GELS 
OF ALUMINUM AND IRON HYDROXIDES 

Since, as shown subsequently, the mole ratio of fluoride to total iron or alu- 
minum in the reaction mixtures was far in excess of 6, the coordination number of 
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the two metals, the most likely products of the reactions appeared to be (]SrH4)3" 
AlFe and (NH4)3FeF6. Ammonium fluoaluminate is insoluble in water containing 
NH4F or NH4OH (8), and the x-ray diffraction angles of the pure salt are avail- 
able. Furthermore, this complex aluminum-fluoride salt can be prepared by 
treatment of Al(OH)3 with a solution of NH4F (2, 8), It was only necessary, 
therefore, to show to what extent NH4F reacted with A (OH) 3 under conditions 
similar to those under which it was used as an extractant of adsorbed phosphate. 
The solid (NH4)3FeF6 has apparently not received so much attention as has its 
aluminum counterpart. The compound has been isolated, however, and its 
crystal structure studied (7, 10), but the x-ray diffraction pattern is apparently 
not available in the literature. 

Pure (NH4)3A1F6 and (NH4)3FeF6 were prepared by dissolving the nitrate salts 
of aluminum or ferric iron in alcohol and then adding solid NH4F to give a mole 
ratio of fluoride to aluminum or iron in excess of 6, sufficient alcohol being used 
so that NH4NO3 did not precipitate. The precipitates were washed with alcohol 


TABLE 3 

Analysis of ike fluoride complexes of aluminum and iron 


(NHOaAlF* 

(NH4)iFeF8 


Found 

Theoretical 


Found 

Theoretical 

NH 4 

per cent 

27.3 

13.7 

i 58.4 1 

per cent 

27.7 

13.9 

58.4 

NH 4 

per cent 

24.3 

24.9 

49.8 

per cent 

24.1 

25.0 

50.9 

Al, 

Fe 

F 

F 



Total 

99.4 

100.0 

Total 

99.0 

100.0 


until free from soluble ammonium salts and dried under vacuum. The analyses 
of the compounds, shown in table 3, agree satisfactorily with the theoretical 
values. Petrographic examination showed that both compounds were platey 
isotropic crystals. The samples were ground to pass a 350-mesh screen for x-ray 
analysis. Similarity between the two compounds is indicated in table 4, which 
shows the d spacings and relative intensities of the diffraction lines (the strongest 
line being given the value 100 for each compound) obtained with a Phillips x-ray 
spectrometer, and the Qikl) values calculated from uo = 8.9 for the aluminum 
complex (9) and Uo = 9.1 for the iron complex (10). Data for the aluminum com- 
plex taken from A.S.T.M. index card No. 3-0122 are included in table 4 for com- 
parison. Since the crystals were flat, care was taken to minimize orientation in 
preparing the spectrometer specimens. A Norelco Cu tube with Ni filter was 
used for these and all subsequent aluminum compounds; a Norelco Fe tube with 
Mn filter was used for the iron compounds. 

Samples of Al(OH)3 or Fe(OH)3 gels, representing approximately 200 mgm. of 
ignited oxide, were treated with 100-ml aliquots of neutral N NH4F. The residues 
were washed with water containing a trace of NH4OH, dried under vacuum, and 
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ground to pass a 350-mesh screen for x-ray analysis. The results are presented in 
figures 2 y 3, and 4. 

Figure 2 A and D shows the x-ray spectrometer patterns of Al(OH)3 precipi- 
tated from a hot solution and of (NH4)3A1F6. B, which represents AI(OH)3 (A) 
treated for 5 minutes with NH4F, shows that, in this short time, reaction had 
taken place to such an extent that (NH4)3A1F6 predominated in the reaction mix- 
ture. When the reaction time was 18 hours, the x-ray pattern (C) was almost 
identical with that for pure (NH4)3AIF6 (D). 

TABLE 4 


Data from diffraction 'patterns of the fluoride complexes of aluminum and iron 


A.S.T.M. INDEX CAJBLD 

(NH4)3AIF6 

(NH4)3FeF« 

NO. 3-0122 

Found 

Found 


I/I 

dA 

I/I 

(hkl) 

dA 

I/I 

m) 

5.20 

100 

5.16 

100 

111 

5.28 

100 

111 

4.47 

60 

4.47 

63 

200 

4.57 

61 

200 

3.14 

60 

3.16 

57 i 

220 

3.23 

45 

220 

— 

— 

— 



2.75 

6 

311 

2.57 

30 ! 

2.59 

27 

222 

2.63 

8 

222 

2.22 

100 

2.24 1 

42 

400 

2.28 

29 

400 

2.03 

4 ' 

2.05 

6 

331 

2.07 

6 

331 

1.99 
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11 
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12 
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10 
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16 
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25 
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18 
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14 
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8 
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9 
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12 
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6 
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9 . j 
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4 

1.49 

3 
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6 
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1.41 

14 
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8 
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1.36 

4 

1.37 

2 
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1.29 

6 

1.29 

2 

444 




1.25 

8 

1.25 

3 

711 




1.19 

12 

1.19 

5 

642 




1.16 

6 

— 

— 

— 





Figure 3 A shows that aging Al(OH)3 for 7 hours under hot water produced a 
gel with strong, sharp diffraction lines. Figure 3 B, C, D, and E illustrate the 
fact that NH4F reacted slowly with aged Al(OH)3. The lines in B, which resulted 
from a reaction time of 5 minutes, are somewhat shorter than those for the pure 
A1(0H)3 but none of the lines characteristic of (NH4)3A1F6 (E) is evident. When 
the reaction time was 18 hours (C) the lines characteristic of both AlCOH)^ and 
the aluminum-fluoride complex were clearly represented; the pattern for the 
43-hour reaction time (D) shows the lines characteristic of the pure (NH4)3A1F6 
predominating. 

The fact that neutral NH4F had no measurable effect on Fe(OH)3 is illustrated 
in figure 4 . There is virtually no difference between A, pure Fe(OH)3, and B, 
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Fe( 0 H )3 treated for 18 hours with NH 4 F. Furthermore, there is no indication 
that the lines in C, pure (NH 4 ) 3 FeF 6 , appear in B. 
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Fig. 2 Fig. 3 

Fig. 2. X-ray Spectrometer Patterns Showing the Effect of Neutral Ammonium 
Fluoride on Aluminum Hydroxide Freshly Precipitated from a Hot Solution 
A: aluminum hydroxide. B: aluminum hydroxide treated for 5 minutes with fluoride. 
C; aluminum hydroxide treated for 18 hours with fluoride. D: ammonium fluoaluminate. 


Fig. 3. X-ray Spectrometer Patterns Showing the Effect of Neutral Ammonium 
Fluoride on Aluminum Hydroxide Aged for 7 Hours Under Boiling Water 
A: aluminum hydroxide. B: aluminum hydroxide treated for 5 minutes with fluoride. 
C: aluminum hydroxide treated for 18 hours with fluoride. D: aluminum hydroxide treated 
for 43 hours with fluoride. E: ammonium fluoaluminate. 

As was expected from the foregoing experiments, Fe(0H)3 could be precipi- 
tated in presence of an excess of NH4F, although a yellow gel resulted instead of 
the usual reddish brown one, but addition of NH4OH to an acid solution of 
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A1(N03)3 in presence of an excess of NH4F always resulted in a precipitate of 
(NH4)3A1F6. An x-ray pattern of a residue obtained by taking an acid solution 
of Fe(N03)3 and NH4F to dryness showed the lines characteristic of (NH4)3FeF6, 
which indicated that the trivalent fluoferrate ion was present in the acid solution. 


A 

7 » 74 70 49 58 54 90 46 42 39 34 30 28 22 18 »4 »0 















78 74 70 69 92 58 54 50 46 42 38 34 30 26 22 18 »4 10 

Fig. 4. X-eat Specteometee Patterns Showing the Effect of Neuteal Ammonium 
Fluoeide on Feeeic Hydeoxidb 

A : ferric hydroxide. B : ferric hydroxide treated for 18 hours with fluoride. C : ammonium 
fluoferrate. 

SUMMARY AND CONCLUSIONS 

Neutral NH4F reacted with A1(0H)3 gels to form (NH4)3A1F6, and phosphate 
adsorbed by these gels was more or less completely released by the action of the 
fluoride. On the other hand, Fe(0H)3 gels were apparently not attacked by the 
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fluoride, and the phosphate adsorbed was not released to any extent. The efS- 
ciency of neutral NH4F as an extractant of phosphate adsorbed by A1(0H)3 is 
explained by the stability of the trivalent fluoaluminate complex ion in neutral 
and alkaline solutions, the phosphate adsorbed being made soluble by the direct 
action of the fluoride ion on the gel with the formation of a nonadsorbent alu- 
minum-fluoride complex. Apparently the trivalent fluoferrate ion, formed in acid 
solutions, is destroyed in neutral and alkaline solutions with the formation of 
Fe(OH)8. 
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Nucleic acid materials introduced into soil by incorporation of plant and 
animal residues or synthesized by soil microorganisms have been presumed to 
contain a major portion of the soil organic phosphorus (2, 21). Dephosphoryla- 
tion of these materials in soils might provide crops with appreciable amounts of 
phosphorus during the growing season (7, 15, 19). When nucleic acid materials 
were intimately mixed with the clay minerals that occur in soils, however, 
enzymatic dephosphorylation was retarded (2). Determination of the nature 
of adsorption of nucleic acid materials by clays therefore seemed desirable. 

Adsorption of nucleic acid materials by soils and clays has been observed 
(2, 4, 16). Soils with high clay content adsorbed the largest amounts of these 
materials (16). Bower (2) found that adsorption of guanine nucleotide, nucleic 
acid, and nucleoprotein from yeast by kaolinite or bentonite occurred over a 
wide pH range. Adsorption increased with decreased pH, and bentonite adsorbed 
larger amounts of these materials than did kaolinite. Bower suggested that 
adsorption of nucleic acid materials by negatively charged clays was probably 
due in part to the presence of basic groups which gave the materials a positive 
charge under acid conditions. 

The present investigation was undertaken to determine the factors affecting 
the adsorption of mononucleotides, nucleic acids, and nucleoproteins by kaolinite, 
illite, and bentonite. 

MATERIALS AND METHODS 

The preparation of the H-kaolinite, H-illite, and H-bentonite fractions has 
been described in a previous paper (12). The range in diameter of the coarse 
clay fractions was 5 to 0.5/^, of the fine kaolinite and iUite fractions below 0.5 m> 
and of the fine bentonite fraction 0.5 to 0.15ju. 

Yeast ribonucleic acid^ was purified by standard methods (9, 20). The purified 
product contained 15.8 per cent nitrogen, 9.1 per cent total phosphorus, and 
0.04 per cent inorganic phosphorus. There was little difference between the 
original and the purified samples, and the composition of both samples was 
similar to the theoretical composition of ribonucleic acid (17). Neither the or- 
iginal sample nor the purified material contained detectable amounts of metallic 
cations. The average size of a molecule of the purified ribonucleic acid was 
estimated, by titration, to be equivalent to 5 or 6 mononucleotides. 

1 Journal Paper No. J-2023 of the Iowa Agricultural Experiment Station, Ames, project 
1070 ; work supported by the Industry Phosphate Research Committee. Taken in part from 
a thesis submitted by the senior author in partial fulfillment of the requirements for the 
degree of doctor of philosophy in soil bacteriology, 1950. 

2 Obtained from Fisher, Eimer, and Amend Co., New York. 
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Desoxyribonucleic acid® contained 8.1 per cent total phosphorus and 0.57 
per cent inorganic phosphorus. Most of the inorganic phosphorus was removed 
by dissolving the original material in NH4OH and reprecipitating it in acidified 
75 per cent CaHsOH. The mononucleotide preparations, guanylic and cytidylic 
acids from yeast^ and 3-adenylic acid from yeast, ^ contained negligible amounts 
of inorganic phosphorus and were almost free of metallic cations. The nueleo- 
protein used was protamine nucleate.® 

A mixture of inositol phosphates containing about 70 per cent hexaphosphate 
and 25 per cent pentaphosphates and quatraphosphates (18) was prepared.’^ 

In the general procedure employed, the desired quantity of clay suspension 
was mixed on an end-over-end shaker with other appropriate materials in a 
15-ml. pyrex tube. The mixture was centrifuged at 2,000 r.p.m., and the total 
phosphorus content of the supernatant liquid was determined (6). The centri- 
fuged material was brought into suspension, and the pH value of the suspension 
was determined with a Beckman pH meter. Toluene, and occasionally thymol, 
were used as bacteriostatic agents to minimize growth of microorganisms. These 
substances affected neither the pH values of the suspensions nor the adsorption 
properties of the materials. Experiments were conducted at 25° it 2°C. unless 
otherwise stated. 

BESULTS 

Primarily, it was of interest to determine the general nature of adsorption of 
nucleic acid materials by clays. Accordingly, the effects of several factors on 
adsorption were studied. An understanding of the chemical and physical reac- 
tions that take place was also desirable. Thus, an attempt was made to deter- 
mine the chemical groups involved and the ways in which they take part in the 
reactions between nucleic acid materials and clays. 

General nature of adsorption 

Rate of adsorption of ribonucleic acid by coarse clay fractions. It was necessary 
to determine when the initial reactions between nucleic acid materials and clays 
reached equilibrium before comparisons could be made of the effects of different 
factors on equilibrium adsorption. Preliminary experiments indicated that the 
initial reaction between ribonucleic acid and bentonite approached equilibrium 
within 24 hours and reached equilibrium within 72 hours. Subsequently, a more 
extensive study was made of the effect of time, ribonucleic acid concentration, 
and NaOH concentration on the rate at which ribonucleic acid was adsorbed 
by clays. 

Suspensions of coarse H-bentonite, H-illite, and H-kaolinite to which had 

3 Obtained from Kriskell Laboratories, Portland, Oregon. 

^ Purchased from Nutritional Biochemicals Corporation, Cleveland, Ohio. 

® Furnished by the bacteriology department, Iowa State College. 

® Obtained from Nutritional Biochemicals Corporation. 

7 Prepared and furnished by E. H. Jackman, department of Agronomy, Iowa State 
College. 
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been added dijfferent amounts of NaOH were mixed with ribonucleic acid in 
varying concentrations, and adsorption was measured after different periods. 
Adsorption after 48 hours was assumed to be 100 per cent, and the percentage 
of maximum adsorption that had occurred within each period up to 48 hours 
was calculated. The results obtained are shown in table 1. 

TABLE 1 


Adsorption of ribonucleic acid phosphorus by coarse clay fractions during different periods 
and in presence of different amounts of NaOH 


CLAY SUSPENSION 

NaOH 

ADDED 
PEK GM. 
OF CLAY 

TOTAL RIBO- 
NUCLEIC 
ACID P PER 
ML. OF 
SUSPENSION 

ADSORPTION OF RIBONUCLEIC ACID P 

P adsorbed 
per gm. of 
clay in 48 
hours 

Adsorption in indicated period as a 
percentage of P adsorbed in 48 hours 

1 hour 

3 hours 

6 hours 

24 hours 


me. 

mgm. 

mgm. 

per cent 

per cent 

per cent 

per cent 


[ 

0.015 

10.90 

79.8 


81.6 

85.4 


0 

0.030 

18.70 

89.4 


92.0 

97.7 


1 

0,045 

26.00 

82.7 

— 

89.5 

94.2 


f 

0.015 

7.70 

76.6 

— 

79.2 

85.7 


0.30 

0.030 

16.50 

79.4 


89.1 

96.4 

H-bentonite 0.1 per cent < 

i 

0.045 

24.40 

80.7 

— 

84.4 

90.6 


f 

0.015 

5.50 

60.0 

— 

85.5 

96.4 


0.60 i 

0.030 

12.80 

78.9 

— 

85.2 

93.0 


1 

0.045 

19.70 

76.7 


90.0 

94.4 


f 

0.015 

2.80 

46.5 

— 

71.5 

78.5 


0.90 { 

0.030 

9.60 

67.6 


76.0 

89.5 


i 

0.045 

16.20 

71.6 

— 

84.0 

91.4 


f 

0.010 

1.56 

87.3 

89.8 

j 

96.2 


0 \ 

0.020 

2.87 1 

91.3 

94.1 


99.2 

H-illite 0.5 per cent < 

1 

0.030 

4.50 

83.6 

90.1 

•— 

98.2 


f 

0.010 

0.21 

66.6 

66.6 

— 

71.5 


0.20 i 

0.020 

0.90 

62.3 

: 73.4 

-- 

1 93.4 


1 

0.030 

1.60 

81.2 

85.1 

— 

92,5 

/ 

f 

0.010 

1 0.66 

80.0 

83.4 


100.0 


0 

0.020 

1.04 

87.5 

91.3 


94.2 

H-kaolinite 1.0 per cent ^ 

[ 

0.030 

1.42 

78.2 

83.1 

— 

97.1 


[ 

0.010 

0.15 

60.0 

80.0 

— 

86.7 


0.04 i 

0-020 

0.5S 

69.0 

86.0 

— 

88.0 


i 

0.030 

0.92 

91.3 

95.6 

— 

98.0 


There was little increase in adsorption of ribonucleic acid after 24 hours. Al- 
most invariably, more than 60 per cent of maximum adsorption had taken place 
within 1 hour. Probably, rapid chemical reaction first occurred, followed by a 
rearrangement of the ribonucleic acid molecules to allow maximum adsorption 
possible. There were no significant differences in the rates of adsorption of ribo- 
nucleic acid phosphorus by the three clays although adsorption approached a 
maximum more rapidly with kaolinite than with illite or bentonite. The most 
pronounced differences in adsorption of ribonucleic acid by the clays occurred 
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within the first hour. The rate of reaction increased as the concentration of ribo- 
nucleic acid was increased and the concentration of NaOH was decreased. The 
reaction between clay and NaOH may have influenced the rate at which ribo- 
nucleic acid molecules were absorbed by the clay. 

The effect of temperature on the rate of the reaction between ribonucleic 
acid and bentonite was also determined. Adsorption after 1 hour was slightly 
greater at 45®C. than at 7°C. After 96 hours,] there was no appreciable difference 
in adsorption between temperatures. It appears, therefore, that an increase in 
temperature increased the rate of the reaction but did not change appreciably 
equilibrium adsorption. 

All of the factors investigated influenced the rate at which ribonucleic acid 
was adsorbed by the clays. Nevertheless, the reaction approached equilibrium 
within 24 hours. Thus equilibrium adsorption under varying conditions could 
be measured after 24 hours, and differences obtained would not be confounded 
with differences in the rate of reaction. 

Equilibrium adsorption of mononucleotides, nucleic acids, and protamine nucleaJte 
by coarse clay fractions. The rate of reaction of ribonucleic acid with clays having 
been established, experiments were conducted to determine the effect of pH 
and organic phosphorus concentration on equilibrium adsorption of nucleic 
acid materials by coarse clay fractions. A preliminary experiment indicated that 
adsorption of ribonucleic acid phosphorus per gram of bentonite decreased with 
increased clay concentration although total adsorption increased. Subsequently, 
suspensions of the coarse clay fractions to which NaOH had been added were 
mixed with solutions of ribonucleic acid for 72 hours. The results are illustrated 
in figure 1. 

Adsorption increased with decreased pH or increased concentration of ribo- 
cnuleic acid. With a constant amount of adsorption, the concentration of ribo- 
cnuleic acid phosphorus in solution increased as the pH values of the suspensions 
increased. At equivalent pH values, total ribonucleic acid concentrations, and 
equilibrium ribonucleic acid concentrations, adsorption of phosphorus per gram 
of clay by bentonite was about 6 times greater than by illite and 20 times greater 
than by kaolinite. 

Additional experiments showed that the adsorption behavior of ribonucleic 
acid in the presence of kaolinite, illite, or bentonite when Ca(OH )2 or Mg(OH )2 
was employed was similar in nature to its behavior when NaOH was employed. 
There were, however, certain differences. These differences are indicated by the 
experimental results illustrated in figure 2. These results were obtained by meas- 
uring adsorption of ribonucleic acid phosphorus by bentonite either saturated 
to different degrees with sodium, calcium, or magnesium, or saturated to differ- 
ent degrees with sodium and suspended in N solutions of NaCl, KGl, CaCh, 
and MgCh. The concentration of bentonite was 0.1 per cent in the former 
suspensions and 0.05 per cent in the latter. All of the suspensions contained 
0.015 mgm. of ribonucleic acid phosphorus per milliliter and were mixed for 
24 hours before analyses were made for adsorption. 

At equal pH values, adsorption in presence of calcium or magnesium was 
greater than in presence of sodium or potassium. Adsorption in presence of 
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NaCi did not differ signiiScantly from that in presence of KCI, and that in pres- 
ence of calcium was not significantly greater than that in presence of magnesinm. 
Adsorption did not decrease as much with increasing pH in the presence of the 
divalent cations as it did in the presence of the monovalent cations. 

Adsorption of gnanylic acid, cytidylic acid, and 3-adenylic acid by Na-H-ben- 
tonite, and of c 3 rfcidylic acid by Na-H-kaolindte, was determined. The adsorp- 
tion behavior of these compounds was different in degree but similar in nature 
to adsorption of ribonucleic acid. At equivalent pH values, clay concentrations, 
and organic phosphorus concentrations, mononucleotides were adsorbed to 
about one third the degree of ribonucleic acid. The relative degree of adsorption 



Fig. 1, Adsorption of Ribonucleic Acid Phosphorus by H-Glays Adjusted to 
Different pH Values with NaOH 

was 3-adenylic acid > cytidylic acid > guanylic acid, but the differences be- 
tween mononucleotides were small. At equivalent pH values, total cytidylic 
acid concentrations, and equilibrium cytidylic acid concentrations, adsorption of 
cytidylic acid phosphorus per gram of bentonite was about 12 times greater than 
adsorption per gram of kaolinite. 

Adsorption of desoxyribonucleic acid and protamine nucleate by bentonite 
was determined. Suspensions of coarse bentonite in M NaCl w;ere mixed with 
solutions of the nucleic acid materials in M NaCl and M acetate buffer solutions 
at different pH values, and adsorption was measured. The adsorption behavior 
of both desoxyribonucleic acid and protamine nucleate was similar in nature 
and degree to adsorption of ribonucleic acid by bentonite in presence of water, 
sodium acetate, or NaCL 

Potentially cationic organic substances, such as proteins, are adsorbed more 
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strongly by clays under acid conditions than under neutral conditions (8). 
Nucleic acid materials, which contain cationic purine and pyrimidine groups, 
were also adsorbed to a greater degree by clays as the pH values of the suspensions 
decreased. The cationic portions of the nucleic acid materials are not the only 
groups, however, that could conceivably react with clays. Adsorption through 
the anionic orthophosphate groups might occur by any of the mechanisms of 



Pig. 2. Adsorption of Ribonucleic Acid by Coarse Bentonite in Presence of Sodium, 
Potassium, Calcium, and Magnesium 

fixation reviewed by Dean (5). Furthermore, the size of the organic molecule 
nodght also be a factor in adsorption, since mononucleotides were adsorbed to a 
lesser degree by the clays than were nucleic acids or protamine nucleate. 

Reversibility of the reaction between ribonucleic acid and coarse bentonite. The 
previous experiments showed that the initial reaction between ribonucleic acid 
and bentonite approached equilibrium rapidly, and that the amount of adsorp- 
tion at equilibrium was a function of many factors. The nature of adsorption was 
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further clarified by determining (a) whether equilibrium adsorptiGn was con- 
stant for a specific mixture of ribonucleic acid, coarse bentonite, and NaOH 
even though the components of this mixture were allowed to react together in 
several different ways, and (b) whether the ribonucleic acid-bentonite complex 
could be dissociated as rapidly as it formed. 

Equal amounts of ribonucleic acid were mixed for 24 hours with equal amounts 
of coarse bentonite differing only in NaOH content. Bentonite aliquots, equal to 
the initial bentonite aliquots, were then added to each mixture. The NaOH 
concentrations in the second bentonite aliquots were adjusted in such a way 
that the NaOH concentrations in the combined suspensions were the same. 
The combined suspensions were then shaken for an additional 96 hours, and 
analyses were made for adsorption. Adsorption of ribonucleic acid by bentonite 
was about the same in all instances, although the composition of the combined 
suspensions was obtained in several different ways. 

In a second experiment, suspensions containing coarse bentonite, ribonucleic 
acid, and NaOH were mixed for 24 hours and then diluted with equal volumes of 
water. After the diluted suspensions were mixed for additional periods of 24, 48, 
and 96 hours, adsorption of ribonucleic acid phosphorus in these suspensions was 
compared with adsorption for similar periods in suspensions of similar composi- 
tion the components of which were diluted with water before being mixed. Al- 
though after 24 hours there was greater adsorption in the former suspensions 
than in the latter, after 120 hours adsorption was about the same in all the sus- 
pensions. 

These two experiments indicated that equilibrium adsorption was constant 
for a given mixture even though its composition might have been achieved in 
several different ways. 

Experiments were also conducted to determine the facility with which ribo- 
nucleic acid could be removed from bentonite. Mixtures of 0.3 mgm. of ribo- 
nucleic acid phosphorus in solution and 10 mgm. of coarse bentonite in sus- 
pension were shaken for 24 hours. After centrifugation and decantation of the 
supernatant liquid, the residues were washed once with distilled water. They 
contained an average of 0.175 ± 0.004 mgm. of phosphorus. With three 10-ml. 
portions of the appropriate extracting solution, each residue was extracted for 
10, 60 and 90 nodnute periods, and the amounts of phosphorus extracted by 
the solutions were measured. The results are shown in table 2. 

The first extraction with the solutions having pH values above 8 removed 
more than 90 per cent of the ribonucleic acid phosphorus adsorbed by the clay, 
and the two subsequent extractions removed virtually all of the rest. Water and 
NaGl extracted only small portions of ribonucleic acid phosphorus. The amounts 
removed increased with an increase in the time of contact of the extracting 
solutions with the residue. Sodium chloride removed less ribonucleic acid than 
did water perhaps because the pH values in the former suspensions were lower 
than in the latter. Hydrochloric acid removed much more ribonucleic acid than 
did either water or NaCl but no so much as did the alkaline extracting solu- 
tions. 
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The periods of extraction in the previous experiment were probably not 
long enough to allow the suspensions to reach equilibrium. In measuring equi- 
librium adsorption, 0.242-mgm. quantities of ribonucleic acid phosphorus were 
added to 10-mgm. quantities of coarse bentonite, and the mixtures were shaken 
for 24 hours. Excess ribonucleic acid was removed by centrifugation, decantation, 
and washing of the residues with distilled water. The clay adsorbed an average 
of 0.143 d= 0.003 mgm. of ribonucleic acid phosphorus. The residues were sus- 
pended and shaken in the extracting solutions for varying periods, and the 


TABLE 2 

Extraction of riboniLcleic acid phosphorus adsorbed by coarse bentonite 


EXTRACTING SOLUTION 

pH op 

EXTRACTING 

ADSORBED P EXTRACTED IN INDICATED 
PERIOD 

ADSORBED 

P NOT 

SOLUTION 

0-10 

minutes 

10-70 

minutes 

70-160 

minutes 

EXTRACTED 

liVHCl i 

0.2 

per cent 

19.2 

per cent 

50.0 

per cent 

18.0 

per cent 

12.8 

Distilled water 

6.0 

6.4 

11.7 

11,1 

70.8 

1 M NaCl 

6.0 

5.1 

6.8 

10.2 

77.9 

0.2 M boric acid plus 0.05 N NaOH. . 

8.4 

93.2 

4.0 

0.6 

2.2 

0.1 N NajCOa plus 0.1 N NaHCO,. . . 

9.5 

94.8 

4.0 

0.6 

0.6 

0.05 M boric acid plus 0.05 N NaOH , 

10.0 

92.7 

5.6 

0.6 

1.1 

0.1 N NajCO, 

11.1 

92.7 

5.6 

0.6 

1.1 

1 N NH 4 OH 

11.8 

94.3 

4.0 

0.6 

1.1 


TABLES 

Equilibrium adsorption following treatment of ribonucleic acid-bentonite complex with different 

extracting solutions 


ADSORBED P NOT EXTRACTED BY INDICATED SOLUTIONS 


EXTRACTION PERIOD 



1 iV^HCl 

Distilled water 

1 M NaCl 

hours 

per cent 

per cent 

per cent 

1 

49.0 

92.2 

95.2 

6 

30.2 

88.6 

91.6 

24 

15.6 

88.7 

91.7 

72 

14.3 

1 . — 

1 ' ' — . 


phosphorus in solution was determined after each period. The results are shown 
in table 3. 

Equilibrium adsorption of ribonucleic acid was approached within 6 hours 
with water and NaCl as the extracting solutions, and within 24 hours with 
HCL Equilibrium adsorption with water as the extracting solution was about 
equal to equilibrium adsorption when the same total amounts of ribonucleic 
acid and bentonite were mixed and allowed to react together for 72 hours. 

The evidence presented has shown that the reactions between ribonucleic 
acid and bentonite were readily reversible. The bentonite-ribonucleic-acid com- 
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plex was rapidly dissociated to different degrees by several acid solutions and 
was almost completely dissociated by alkaline solutions above pH 8. 

Adsorption of rthomcdeic add by coarse and Jim fractions of the clays. Large 
differences in equilibrium adsorption of ribonucleic acid by coarse fractions of 
bentonite, Ulite, and kaolinite were observed in previous experiments. The rela- 
tion between equilibrium adsorption of ribonucleic acid and the cation-exchange 
capacities of coarse and fine clay fractions was studied in the following experi- 
ment, Suspensions containing 0.05 per cent H-bentonite, 0.25 per cent H-illite, 
and 0.25 per cent H-kaolinite were employed. Bentonite was suspended in 
1 N NaCl, illite in 0.1 N NaCl, and kaolinite in 0.1 N NaCL The total concen- 
tration of ribonucleic acid phosphorus in the suspensions was 0.015 mgm. per 
milliliter. The mixtures were allowed to react together for 24 hours, and ad- 
sorption of ribonucleic acid phosphorus was measured. The results are listed 
in table 4. 


TABLE 4 

Adsorption of ribonucleic acid phosphorus by size fractions of E-clays 


CATION- 

EXCHANGE 

CLAY CAPACITY 

PER 100 
GM. CLAY 

pH op 
SUSPENSION 

ADSORPTION 
OP P PER GM. 
OP CLAY j 

CATION- 

EXCHANGE 

CAPACITY 

ADSORPTION 
PER GM. 

OP CLAY 


me. 


mgm. 


Coarse fractions 





H-bentonite 

83.0 

3.77 

20.30 

4.09 

H-illite 

23.7 

4.02 

4.03 

5.88 

H-kaolinite 

6.0 

3.87 

1.36 

4.41 

Fine fractions 





H-bentonite — 

89.0 

3.61 

20.80 

4.28 

H-illite.. 

31.2 

3.90 

4.61 

6.76 

H-kaolinite 

22.4 

3.89 

3.71 

6,04 


The fine clay fractions adsorbed more phosphorus per gram of clay than did 
the coarse clay fractions. The kaolinite fractions exhibited the most striking 
difference. There seemed to be a roughly linear relationship between the cation- 
exchange capacities of the clay fractions and adsorption of ribonucleic acid 
phosphorus. 

Cleavage spacings of untreated coarse bentonite and of coarse bentonite on which 
nucleic add materials were adsorbed. Organic molecules adsorbed between the 
silicate layers of bentonite will increase the cleavage spacings (10, 13). Adsorp- 
tion of nucleic acid materials might also increase the distances between the sili- 
cate layers of the clay. 

Samples of untreated coarse H-bentonite and coarse H-bentonite on which 
nucleic acid materials were adsorbed were washed with acetone and dried at 
90°C. X-ray powder pictures were taken of the samples, nickel filtered radiation 
from a copper target and a plate distance of approximately 20 cm. being used. 
Cleavage spacings were calculated. The results are recorded in table 5. 
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Adsorption of any of the nucleic acid materials increased the spacing of the 
cleavage plane of the bentonite fraction. Thus the materials were at least partly 
adsorbed between the silicate layers of the clay. 

Role of the cationic groups 

Strong cationic groups of organic substances are readily adsorbed by clays 
(10). Nucleic acid materials contain weak cationic groups (3) and anionic ortho- 
phosphate groups that might be strongly adsorbed by clays (5). Nevertheless, 
the linear relation between the base exchange capacities of the clays and adsorp- 
tion of ribonucelic acid was indirect evidence that the cationic groups were 

TABLE 5 


Cleavage spacings of untreated coarse bentonite and of coarse bentonite on which nucleic acid 

7naterials wei'e adsorbed 


NUCLEIC ACIB MATERIAL 

OEGANIC P ADSORBED 

PEK GM. OP CLAY 

SPACING OP CLEAVAGE PLANE 

None 

mgm. 

A. 

13.5 

Kibonucleic acid 

8.6 

14.4 

Ribonucleic acid 

24.0 

18.3 

Desoxyribonucleic acid 

15.0 

15.8 

Protamine nucleate 

17.5 




TABLE 6 

Adsorption of ribonucleic acid by coarse bentonite in absence and presence of amino acetic 

acid and arginine 


pH op suspension 

ADSOEPTION or RIBONUCLEIC ACLD P PER ORAM OP BENTONITE IN PRESENCE 
or AMINO ACID INDICATED 

None 

Amino acetic 

Arginine 


mgm. 

tngm. 

mgm. 

4.15 

18.1 

16.5 

15.1 

5.10 

10.7 

8.4 

8.4 


adsorbed. The role of the cationic groups was further evaluated in several ex- 
periments. 

Adsorption of ribonucleic acid by coarse bentonite in presence of proteins and 
amino acids. Adsorption of ribonucleic acid by bentonite in presence of other 
organic substances containing cationic groups was measured. Gelatin reduced 
the adsorption. This could have been caused not only by competition for the 
cation-exchange sites on the surface of the clay, but also by combination of the 
gelatin and ribonucleic acid molecules in solution, or by mechanical obstruction 
of adsorption of the smaller ribonucleic acid molecules by the larger gelatin 
molecules. The last two reactions were minimized by use of amino acetic acid 
and arginine instead of gelatin. The concentration of ribonucleic acid phosphoixis 
was 0,015 mgm. per milliliter; of coarse H-bentonite, 005 per cent; of each amino 
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acid, 0.025 M\ and of sodium acetate buffer, 1 Jlf. Adsorption was measured 
after the suspensions were mixed for 24 hours. The results are shown in table 6. 

Amino acetic acid and arginine decreased adsorption of ribonucleic acid by 
bentonite, probably by competition with ribonucleic acid for the cation-exchange 
sites on the surfaces of the clay. 

Adsorption of untreated and deaminated ribonucleic acid by coarse bentonite. 
The hypothesis that the cationic groups of nucleic acid materials are adsorbed 
by clays was also tested by measuring adsorption of untreated and deaminated 
ribonucleic acid by coarse bentonite. 

Partial removal of the amino groups of ribonucleic acid was accomplished by 
treating the material with a concentrated solution of NaN 02 in glacial acetic 
acid for 24 hours at 25®C. (1). After mixture of 0.05 per cent suspensions of 
coarse H-bentonite, containing 0.015 mgm. of ribonucleic acid phosphorus per 
milliliter, and 2 M sodium acetate buffers for 24 hours, adsorption was meas- 
ured. The results are shown in table 7. 


TABLE 7 

Adsorption of untreated and of deaminated ribonucleic acid by coarse bentonite 


RIBONTJCLEIC ACID PEEPAXATION 

RIBONUCLEIC ACID P ADSORBED PER GM. OR CLAY 

pH 4,18 

pH 5.18 

Untreated. ... 

mgm. 

13.6 

mgm. 

8.3 

Deaminated 

11.5 

2.5 



Less deaminated ribonucleic acid than untreated ribonucleic acid was adsorbed 
per gram of clay. Presumably, reduction of the cationic groups of the ribonucleic 
acid by deamination reduced the adsorption by bentonite. 

The previous experiments indicated that the cationic groups of nucleic acid 
materials were adsorbed by clays. It remained to be shown whether the ortho- 
phosphate groups were also adsorbed. 

J?oZe of the phosphate groups 

There was some evidence to show that the phosphate groups of nucleic acid 
materials were involved in adsorption. Adsorption of ribonucleic acid by clays 
was greater in presence of calcium or magnesium than in presence of sodium or 
potassium. Inorganic phosphate and carbohydrate phosphates were adsorbed 
by bentonite to a greater extent in presence of calcium than in presence of 
sodium (5, 12). By analogy, there was reason to presume that the phosphate 
groups of ribonucleic acid reacted with clays. The role of the phosphate groups 
was considered in several other experiments. 

Inositol phosphates do not contain cationic groups but do contain ortho- 
phosphate groups. They were found to compete with inorganic phosphate for 
the phosphate-fixing sites of clays. It was also observed that adsorption of inositol 
phosphates by kaolinite or bentonite reduced subsequent adsorption of ribo- 
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nucleic acid. Conversely, adsorption of the latter compound reduced subsequent 
adsorption of the former compounds. Inositol phosphates and ribonucleic acid 
may have competed for the phosphate-fixing sites of the clays. 

Citrate decreases adsorption of orthophosphate groups by bentonite.® Except 
by mechanical obstruction, it should not interfere with adsorption of cationic 
organic groups by clays. Two experiments were conducted to test the effect of 
citrate on the adsorption of nucleic acid materials and inositol phosphates by 
clays. 

In the first experiment, adsorption of ribonucleic acid, guanylic acid, and 
inositol phosphates by a natural kaolinite^ and coarse bentonite was measured 
in absence and presence of citrate. The concentration of ribonucleic acid phos- 
phorus was 0.02 mgm. per milliliter and of guanylic acid and inositol phosphate 
phosphorus 0.01 mgm. The concentration of kaolinite was 2.0 per cent and of 
bentonite 0.1 per cent. The clays and organic phosphorus compounds were mixed 
in M ammonium acetate (pH 4.3) with and without 0.1 ilf ammonium citrate 


TABLE 8 

Adsorption of ribonucleic acid^ guanylic acid, and inositol phosphates by kaolinite and 
bentonite in presence and absence of citrate 


OaGAKTIC PHOSPHORUS COKPOUm) 

P ADSORBED PER GM. OP CIAY WITH 
CITRATE PRESENT 

P ADSORBED PER GM. OP CLAY WITH 
CITRATE ABSENT 

Kaoliaite 

Bentonite 

Kaolinite 

Bentonite 


rngm. 

mgm* 

mgm* 

mgm. 

Ribonucleic acid 

0.085 

6.27 

0.556 

14.27 

Guanylic acid 

0.001 

0.14 

0.120 

1.77 

Inositol phosphates 

0.013 

0.24 

0.488 

9.62 


(pH 4,3). The mixtures were shaken for 24 hours, and adsorption of phosphorus 
by the clays was measured. The results are shown in table 8. 

In the second experiment, 2-gm. samples of coarse kaolinite and 1-gm. samples 
of coarse bentonite were extracted twice with 40-ml. quantities of 0.5 M anamon- 
ium acetate (pH 4.3) or 0.5 M ammonium acetate containing 0.1 M ammonium 
citrate (pH 4.3). The citrate-treated clays were then extracted three times with 
0.5 M ammonium acetate to remove citrate. The clays not treated with 
citrate were extracted in the same manner. In an independent experiment, it 
was found that citrate could be removed from clays by repeated extraction, and 
that the traces of citrate that could remain would not appreciably influence 
adsorption of organic phosphates. The amounts of iron and aluminum in the 
acetate and the acetate plus citrate extracts were determined. The treated and 
untreated clays were suspended in M ammonium acetate (pH 4.0), mixed with 
inositol phosphates and ribonucleic acid, and adsorption of phosphorus was 
determined after shaking for 24 hours. The concentration of kaolinite was 2.0 

* Goring, C. A. I. Reactions of biological organic phosphorus compounds with clays. 
1950. [Unpublished Ph. D. thesis. Copy on file Iowa State Col. Library, Ames] 

* This natural kaolinite has been described fully by Low and Black (14). 
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per cent, of bentonite 0.1 per cent, of ribonucleic acid phosphorus 0.02 mgm. per 
milliliter, and of inositol phosphate phosphorus 0.01 mgm. per milliliter. The 
results are shown in table 9. 

Table 8 shows that citrate decreased adsorption of the organic phosphorus 
compounds by the clays. The effect of citrate on adsorption of guanylic and 
ribonucleic acids by kaolinite was relatively greater than its effect on adsorption 
by bentonite, but its effect on adsorption of inositol phosphates was about the 
same with both clays. 

Citrate could have decreased adsorption in four ways. It could have (a) de- 
composed appreciable amounts of the clays, (b) detached phosphate-fixing ele- 
ments from the clays, (c) chemically or (d) mechanically obstructed adsorption 
by becoming attached to the phosphate-fixing sites of the clays. 

Decomposition of theclays need not be considered, because in both experi- 
ments more than 97 per cent of the clays were recovered. Because the cationic 
groups of nucleic acid materials are adsorbed by clay, citrate anions could com- 


TABLE 9 

Iron and aluminum extracted by treatinent of clays with ammonium acetate and ammonium 
citrate^ and adsorption of organic phosphates by treated and untreated clays 


EXTIIACTING SOLUTION 

Fe EXTKACTED 

PEE GM. OP CLAY 

Al EXTRACTED 
PEE GM. OP CLAY 

P ADSORBED PEE 
GM. OP KAOLINITE 

P ADSORBED 
PER GM. OP 
BENTONITE 

Bentonite 

Kaolinite 

Ben- 

tonite 

Kao- 

linite 

Ribo- 1 
nucleic | 
acid 

Inositol 

phos- 

phates 

Ribo- 

nucleic 

acid 

Inositol 

phos- 

phates 


mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

None 

^ ■ 

— 

— 

— 

0.332 

0.490 

9.40 1 

9.60 

Ammonium acetate 

0.0546 j 

0,0124 

4.180 

0.485 

0.258 

; 0.291 ; 

5.56 

1.38 

Ammonium acetate plus 
ammonium citrate. ...... 

0.2340 

0.0525 

5.100 

0.519 

0.229 

0.226 

4.24 

0,27 


pletely prevent adsorption of these materials only by forming a perfect mechani- 
cal barrier between the anionic sites of the clay mineral and the cationic groups. 
Citrate reduced adsorption of the nucleic acid materials by kaolinite to almost 
negligible amounts and, therefore, must have formed a mechanical barrier on 
the surface of kaolinite. It considerably reduced adsorption of nucleic acid ma- 
terials by bentonite and, thus, might have acted to some extent as a mechanical 
barrier on the surface of bentonite. It might also have reduced adsorption by 
competing with the nucleic acid materials for phosphate-fixing sites, or by 
detaching phosphate-fixing elements from the clays. Adsorption of inositol 
phosphates was almost completely prevented by one or both of these mechanisms. 

Table 9 shows that extraction of the clays with acetate or with acetate plus 
citrate substantially decreased adsorption of organic phosphorus. It has already 
been shown that adsorption was not appreciably decreased by suspending un- 
treated clays in acetate, but was appreciably decreased by suspending them in 
acetate plus citrate. Presumably, repeated washings of the clays with acetate 
may dissolve appreciable amounts of the phosphate-fixing elements, but citrate 
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merely in contact with the clays will combine with or detach almost all of the 
phosphate-fixing elements. Less than half of the phosphate-fixing elements of 
kaolinite, but almost all of bentonite, were detached by acetate plus citrate, as 
shown by adsorpition of inositol phosphates (table 9). In contrast, adsorption 
of ribonucleic acid by bentonite was reduced by only 55 per cent, again showing 
that the cationic groups of nucleic acid materials were adsorbed by clays. Ex- 
traction with citrate did not substantially decrease the cation-exchange capacity 
of bentonite. In an independent experiment, the cation-exchange capacity of 
bentonite repeatedly washed with 0.1 ilf citric acid was reduced from 83 to 77 
me. per 100 gm. of clay, but its ability to adsorb ribonucleic acid was reduced 
by 53 per cent. 

Table 9 also shows that appreciable amounts of aluminum and much smaller 
amounts of iron were removed from the clays. About one tenth as much alumi- 
num was removed from kaolinite as from bentonite. It has been argued that 
iron or aluminum on the surface of clay or as part of the clay lattice is respon- 
sible for phosphate fixation (5). In this experiment, aluminum seemed to be 
more important than iron. Not all the aluminum and iron removed from the clays 
would necessarily take part in adsorption, since there probably was slight de- 
composition of the clays. Nevertheless, the larger amounts of aluminum removed 
from bentonite as compared to kaolinite corresponded with a greater reduction 
in adsorption of inositol phosphates by the former clay. 

In another experiment, natural and acid-washed kaolinite were extracted with 
citrate plus acetate. The reduction in adsorption of inositol phosphates by the 
former was less than by the latter. This difference may have been associated 
with the greater amounts of citrate-soluble aluminum on the surface of the acid- 
washed clay. 

It was concluded that nucleic acid materials were adsorbed by clays through 
their cationic and orthophosphate groups. The orthophosphate groups were 
adsorbed on bentonite by elements easily detached by citrate, and those on 
kaolinite in part by easily detached elements and in part by more stable ele- 
ments, 

DISCUSSION 

The results obtained in this study may be useful in understanding some phases 
of the biochemistry of soil organic phosphorus. Nucleic acid materials appear 
to be major organic phosphorus constituents of soils (2, 21). It was shown in 
this study that they are adsorbed to the greatest degree by clays between pH 
0.1 and 4. Likewise, soil organic phosphorus was found to be least soluble be- 
tween pH 2 and 4®. Adsorption of nucleic acid materials by clays decreases from 
pH 4 to 7 and is almost negligible above pH 8. Similarly, the solubility of soil 
organic phosphorus was found to increase slowly from pH 4 to 7 and rapidly 
above pH 7.® 

Adsorption by clays or soils appears to influence the rate at which organic 
phosphorus is dephosphorylated. It has been observed that the reduction in 
dephosphorylation of nucleic acid materials or microbial organic phosphorus 
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corresponds with the degree to which these substances are adsorbed bj clays 
(2, 11). Furthermore, the rate of dephosphorylation of nueleic acid added to 
soil was found to decrease with decreasing pH of the soil (2). These results corre- 
spond in principle with results obtained for mineralization of soil organic phos- 
phorus. The percentage of the organic phosphorus mineralized in 25 days at 
40°C. in soils below pH 6 was found to be less than in soils above pH 6.^° Further- 
more, there was a highly significant negative correlation between pH and soil 
organic phosphorus content expressed as a percentage of the total phosphorus. 
Thus, the mineralization of soil organic phosphrous might depend, to a consid- 
erable degree, on the adsorption of nucleic acid materials by the clay minerals 
in soils. 

SUMMARY AND CONCLUSIONS 

The general nature of adsorption of nucleic acid materials by clays was 
studied. Adsorption was influenced by the reaction period, the temperature, 
the type and concentration of clay and nucleic acid material, the pH and the 
inorganic cation present. 

The rate of reaction of ribonucleic acid with the clays was rapid, equilibrium 
being approached within 24 hours. Increasing the temperature from 7°C. to 
45®C. increased the rate of reaction but did not influence equilibrium adsorption. 
Increasing the concentration of nucleic acid material and decreasing the pH or 
clay concentration, increased adsorption of phosphorus per gram of clay. The 
order of decreasing ability to adsorb was bentonite > illite > kaolinite, and to 
react, nucleic acids and protamine nucleate > mononucleotides. Adsorption of 
ribonucleic acid was greater in presence of calcium or magnesium than in pres- 
ence of sodium or potassium. The reactions between ribonucleic acid and ben- 
tonite were found to be reversible. Adsorption of ribonucleic acid was linearly 
related to the cation-exchange capacities of coarse and fine fractions of the 
clays. With bentonite, the nucleic acid materials were at least partly adsorbed 
between the silicate layers. 

The mechanism of adsorption of nucleic acid materials by clays was also 
studied. It was concluded that nucleic acid materials were adsorbed through 
their cationic and orthophosphate groups. 

The relation between adsorption of nucleic acid materials by the clays and 
dephosphorylation of soil organic phosphorus was discussed. 
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In spraying for weed control the soil may be unavoidably contaminated or 
the herbicides may be introduced directly to its surface when pre-emergence 
spraying is employed. In either event, it is of interest to know the effects of 
these herbicides on biological processes in the soil. 

Smith, Dawson, and Wenzel (12) observed no adverse effects on total plate 
counts or on the number of actinomyces, fungi, and protozoa in either sandy 
soil of good fertility or in silt loam when 2, 4-dichlorophenoxy acetic acid (2,4-D) 
was applied at rates of 0.5 to 500 ppm. (1 to 1,000 pounds per acre). The nitrite- 
and nitrate-forming organisms in both soils were definitely injured by 100 ppm. 
(200 pounds per acre) but recovered in 10 to 40 days. The harmful effect upon 
nitrification was somewhat less marked in sandy soil. The nitrite-forming bac- 
teria were more sensitive than the nitrate-forming bacteria. Newman and Nor- 
man (8, 9) reported that 2 , 4-D had no effect on the numbers of organisms present 
in the soil or on the nitrification process until the compound was added in great 
excess. They suggested that some soil microorganisms can probably use 2,4-D 
as a source of energy. Jones (4) found that under the conditions of his experi- 
ments, rates of 2,4-D up to 25 pounds per acre had no unfavorable effects on 
nitrate formation in a soil to which no nitrogen had been added. When nitrogen 
in the form of urea and sodium nitrate was added, there was an indication that 
15 pounds per acre was sufficient to inhibit nitrate formation temporarily. The 
effect was more noticeable when sodium nitrate was added. 

To the writers’ knowledge there have been no publications on the effects of 
Concentrated Activated Diesel Emulsion (CADE)^ and the combination of 
2,4-D and CADE, herbicides widely employed in Hawaii, upon nitrate accumu- 
ation or total p late counts of bacteria in soil. 

MATERIALS ANB METHODS 

The soils used were a cultivated sandy loam and a cultivated silt loam obtained 
from the vicinity of Manhattan, Kansas. Soil from the surface 6 inches was 
brought to the laboratory, air-dried, passed through a 2-mm. sieve, thoroughly 
mixed, and stored in a canvas bag. The sandy soil had a pH of about 7.2, a water- 
holding capacity of 40.6 ml. per 100 gm., and a nitrate-nitrogen content of ap- 

^ A cooperative investigation by the Kansas Agricultural Experiment Station and the 
Experiment Station of the Hawaiian Sugar Planters* Association. Contribution No. 270, 
department of bacteriology, Kansas Agricultural Experiment Station, and Journal Series 

sugar-cane lands — contact herbicides. Hawaii Planters^ Rec. 52(2): 93-112. 1948. 
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proximately 4.0 ppm.; the silt loam a pH of 6.5, a water-holding capacity of 47 
ml., and a nitrate-nitrogen content of approximately 2.0 ppm. 

To 100-gm. portions of soil (oven-dried basis) was added 100 ppm. of nitro- 
gen as (NH 4 ) 2 S 04 , and after thorough mixing the portions were placed in 350-ml. 
wide-mouth bottles. 

The herbicides studied were supplied by the Experiment Station of the Hawai- 
ian Sugar Planters’ Association and included the following; 

1. Hawaiian Sugar Planters’ Association 2,4-D magma® containing 30 per cent by weight 
of 2,4-D which had been converted to the normal sodium salt by treatment with Na 2 C 03 . 
This nitrogen-free, water-soluble agent was dissolved at the rate of 0.25 pound of 2,4-D 
per gallon. The resulting solution with a pH of about 7.5 was labeled the “blanda” solution 
and was used in making up the combination of 2,4-D and CADE. 

2. CADE containing 67 per cent diesel oil and 33 per cent pentachlorophenoate. A definite 
amount of a stock solution of the activator (SSA) was added to the final dilution of 1 part 
of CADE to 16 parts of water before use in these studies. The SSA contained 6 parts of 
H. S. P. A. Activator (sodium pentachlorophenate, U. S. patent No. 2,370,349) and 1 part 
of 2-7R* in water. The mixture employed was of the following composition: 145 ml, of dis- 
tilled water, 5 ml. of SSA, and 10 ml. of CADE. 

3. 2,4-D in combination with CADE to which was added a definite quantity of SSA. 
The final mixture of these two herbicides included the ingredients in the following propor- 
tions: 400 ml. of ‘‘blanda” solution, 445 ml. of distilled water, 5 mi. of 2-7R, 50 ml. of SSA, 
and 100 ml. of CADE. 

The herbicides were applied to the soil in sufficient volumes of water to bring 
the soil up to 50 per cent of its water-holding capacity. The bottles were stop- 
pered tightly with cotton to reduce water loss and incubated at room tempera- 
ture in the dark. The desired moisture level was maintained by adding distilled 
water every 6 to 8 days. At intervals of a few days all germinating weed seedlings 
were either pinched off at the level of the soil surface or pulled out to prevent 
measurable loss of nitrate nitrogen due to utilization by the growing plants. 

Triplicate samples of each treatment were extracted for nitrate nitrogen at 
intervals of 0, 2, 4, 8, and 16 weeks, a dilution of three parts of distilled water to 
one part of soil being used. Duplicate 10-ml. aliquots were evaporated over steam, 
thus giving a total of six replications for each herbicidal concentration. Nitrate 
nitrogen was determined by the phenoldisulfonic acid method as described by 
Schreiner and Failyer (11) and modified by Lipman and Sharp (5). The Duboscq 
colorimeter was utilized for all colorimetric readings. 

A preliminary test run to determine whether the herbicides employed in these 
studies interfered in any way with the phenoldisulfonic acid method indicated 
that they caused no irregularities in the results. 

Where plate counts were made, 10-ml. samples were removed from the soil 
extraction suspension, after shaking but prior to addition of the flocculating 
agent, from which serial dilutions were prepared. Egg-albumin agar adjusted to 
pH 7.2 and of the following composition was used as a plating medium: 1.0 
gm. glucose, 0.25 gm. MgS04*7H20, 0.50 gm. K2HPO4, trace Fe 2 (S 04 ) 3 , 0.50 
gm. yeast extract, 20,0 gm. agar-agar, 0.25 gm. egg albumin, and 1,000 ml. 

® Reference is made to the pasty state of the chemical. 

^ A water-soluble sulfonated aromatic paste used as a wetting agent. 
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distilled water. Five plates were poured for each concentration of the herbicides. 
A dilution of I to 100,000 was found most favorable. The plates were incubated 
for 5 days at room temperature before counts were made. Longer incubation was 
unwise because of the rapid growth of spreading colonies. 

RESULTS 

Experiment 1. Effects of herbicides on nitrate accumulation in sandy loam. The 
results of this experiment are presented in table 1. The sodium salt of 2,4-D 
applied directly to the soil at rates of 3 (ordinary field application) and 10 pounds 

TABLE 1 


Effects of CADEf and a combination of ^,4~E and CADE upon nitrate accumulation 

in sandy loam 


tEEATMENT 

NHa-N : 

ADDED 

NOa-N IN SOIL AETEE INCUBATION 

WEED 

SEEDS 

GEEMI- 

NAXING 

Herbicide 



Rate per A. 

0 weeks 

2 weeks 

4 weeks 

8 weeks 

16 weeks 



ppm. 

ppm. 

ppm. 

ppm. 

ppm. 

ppm. 


2,4-D 

0 1b. 

100 

4.5 

59.7 

97.6 

98.6 


92 

2,4-D i 

1 ib. 

100 

4.6 

57.4 

97.6 

112.1 


48 

2,4-D 

3 Ib. 1 

100 

4.5 

47.5* 

80. 5t 

105.3 


14 

2,4-D 

10 lb. 

100 

4.2 

47.0* 

66. Ot 

101.2 


11 

2,4-D 

25 lb. 

100 

4.2 

35.3t 

65.lt 

97.6 


1 

2,4-D 

50 lb. 

100 

4.4 

35. 3t 

58. 3t 

97.6 


0 

CADE 

0 gal. 

100 

4.3 

64.2 

97.6 ' 

99.4 

130.2 

73 

CADE 

10 gal. 

100 

4.5 

57.4* i 

97.6 

101.2 

130.2 

95 

CADE 

100 gal. 

100 

4.1 

58.8 ^ 

97.6 

99.4 

135.6 

84 

CADE 

500 gal. 

100 

4.5 

27.3t 

67. 3 1 

97.6 

130.2 

37 

CADE 

5000 gal. 

100 

4.2 

7.7t 

9.5t 

14. Ot 

23. 5t 

0 

2,4-D -j- CADE 

0 gal. 

100 

3.5 

59.7 

97.6 

108.5 

172.7 

100 

2,4-D -f- CADE 

3 gal. 

100 

3.4 

59.7 

97.6 

108.5 

172.7 

96 

2,4-D + CADE 

30 gal. 

100 

3.5 

59.7 

97.6 

108.5 

177.2 

94 

2,4-D + CADE 

100 gal. 

100 

3.4 

42. 5t 

82. 7t 

108.5 

172.7 

19 

2,4-D -1- CADE 

1000 gal. 

100 

2.7 

7.2t 

20.lt 

1 40. 7t 

108. 5 t 

0 


* Significant reduction, 
t Highly significant reduction. 


per acre, brought about statistically significant reduction in nitrate accumula- 
tion during the 0-2-week interval and highly significant reduction during the 
2-4-week interval. The higher rates of 25 and 50 pounds caused a highly sig- 
nificant diminution in nitrate accumulation during the 0-4-week interval. Never- 
theless, in every case where reduced nitrate formation was evident during the 
first 4 weeks the total amount of nitrate nitrogen accumulating during the 8 
weeks was, for practical purposes, the same as in untreated controls. 

CADE is usually applied at a rate of 100 gallons per acre in the drier sections 
of the sugar plantations and at a rate of 500 gallons in areas of plentiful rainfall. 
At the lower rate this herbicide caused no significant reductions in total nitrates 
formed during the periods tested. At the higher rate a highly significant reduc- 
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tion was noticeable throughout the first 4 weeks. A marked reduction in total 
nitrates was evident throughout the 16 weeks at the 5,000-gallon rate. 

The combination of the herbicides (2,4-D + CADE) caused no reductions in 
nitrate accumulation when applied at the usual field rate of 30 gallons per acre 
or less. A highly significant reduction persisted for 4 weeks following the 100- 
gallon application, and a still greater reduction was noticeable throughout the 
16-week period where the herbicide was applied at 1,000 gallons. 

TABLE 2 


Effects of 2, 4-1 ^ 3 CADE, and a combination of 2,4'D and CADE upon nitrate accumulation 

in silt loam 


TREATMENT 


NH»-N 

NO»-N IN SOIL AETEE INCtTBATION* 

Herbicide 

Kate per A. 

ADDED 

2 weeks 

4 weeks 

8 weeks 

16 weeks 

2,4-D 

01b. 

PPm. 

0 

PPm, 

13.6 

PPw» 

20.3 

PPtn, 

30.7 

ppm, 

47.0 

2,4-D 

Olb. 

100 

29.8 

59.7 

101.7 

143.7 

2,4-D 

1 lb. 

100 

28.0 

59.7 

101.7 

143.7 

2,4-D 

31b. 

100 

26.2 

59.7 

101.7 

143.7 

2,4-D 

10 lb. 

100 

21. 7t 

46.lt 

89. 5t 

134.2 

2,4-D 

251b. 

100 

14. 5t 

31. 6t 

61. Ot 

103.lt 

2,4-D 

. 

601b. 

100 

12. 2t 

19.0t 

35.3t 

50. 6 1 

CADE 

0 gal. 

0 

13.6 

20.3 

32.5 

46.1 

CADE 

0 gal. 

100 

38.0 

78.7 

107.1 

134.2 

CADE 

100 gal. 

100 

34.5 

67. 8f 

101.7 

134.2 

CADE 

600 gal. 

100 

32.5t 

54.2 

97.6 

1 128.8 

CADE 

1000 gal. 

100 

24.4t 

46.lt 

93.7 

! 112.5t 

CADE 

6000 gal. 

100 

10.8{ 

18. 5t 

32.5t 

61. 5t 

2,4-D + CADE 

0 gal. 

‘ 0 

12.7 

20.3 

25.3 

47.0 

2,4-D -f CADE 

0 gal. 

100 

35.3 

65.1 

86.8 

128.8 

2,4-D -1- CADE 

30 gal. 

100 

33.4 

59.7 

89.5 

134.2 

2,4-D + CADE 

50 gal- 

100 

26. 2f 

58.8 

88.1 

134.2 

2,4-D -1- CADE 

100 gal. 

100 

25.8f 

56. Of 

89.5 

128.8 

2,4-D + CADE 

1000 gal. 

100 

9.3t 

17. 4t 

28. Ot 

51. 5t 


* The initial NOs-N content was 1.9 ppm. 
t Significant reduction, 
t Highly significant reduction. 


The data in table 1 show that 2,4-D even at the rate of 1 pound per acre, 
retarded germination of weed seeds. At higher rates the retardation was more 
marked, germination being completely inhibited at the 50-pound application. 

CADE did not retard weed seed germination at rates of 100 gallons per acre 
or less, A marked inhibition was noticeable at 500 gallons, and complete inhibition 
of germination was observed at 5,000 gallons. 

The combination of the two herbicides failed to retard weed seed germination 
at the usual field rate of 30 gallons per acre or less. Marked inhibition was no- 
ticeable at 100 gallons and inhibition was complete at 1,000 gallons. 

Experiment Effects of herbicides on nitrate accumulation and total plate counts 
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in stZi loam. Results of this experiment are presented in table 2. In this silt 
loam soil 2,4-D applied at the usual field rate of 3 pounds per acre or less did not 
cause a significant reduction in nitrate accumulation during 16 weeks. With 
applications of 10 and 25 pounds per acre, highly significant reductions in ni- 
trate accumulation were evident throughout the first 8 weeks. The rates of 
accumulation during the 8- to 16-week interval following these treatments were 
equal to those of the controls, even though the total quantities of nitrate present 
at 16 weeks were somewhat less. A more marked reduction in nitrification was 
caused by the 50 pound application and persisted throughout the 16 weeks. 

TABLES 


Effects of CADE, and a combination of and CADE upon the total plate counts 

in silt loam 


TSEATMENT 

BACXESIA. IN MILLIONS PER GRAM AT DIFEERENT 

PERIODS AFTER TREATMENT* 

Herbicide 

Rate per A. 

2 weeks 

4 weeks 

8 weeks 

16 weeks 

2,4-D 

0 lb. 

6.7 

3.1 

5.6 

2.0 

2,4-D 

1 lb. 

5,2 

5.1 

3.3 

2.0 

2,4-D 

31b. 

4.6 

6.5 

3.3 

1.3 

2,4-D 

10 lb. 

7.1 

6.3 

2.2 

2.2 

2,4-D 

251b. 

13.0 

10.4 

7.5 

3.5 

2,4-D 

60 lb. 

13.4 

11.0 

7.8 

2.0 

CADE 

0 gal. 

3.7 

5.0 

4.0 

3.5 

CADE 

100 gal. 

8.6 

12.6 

5.9 

4.0 

CADE 

500 gal. 

13.3 

16.3 

10.2 

2.8 

CADE 

1000 gal. 

26.7 

25.9 

5.5 

3.6 

CADE 

5000 gal. 

30.4 

29.5 

11.5 

6.5 

2,4-D + CADE 

0 gal. 

3.3 

5.1 

3.1 

1.8 

2,4-D + CADE 

30 gal. 

2.1 

6.4 

4.3 

2.1 

2,4-D + CADE 

50 gal. 

8.1 

5.7 

5.1 

2.7 

2,4-D -h CADE 

100 gal. 

8.8 

8.0 

4.0 

3.2 

2,4-D + CADE 

1000 gal. 

22.6 

23.2 

18.9 

15.2 


* The initial bacterial count was 5.1 millions. 


CADE applied at rates up to 1,000 gallons per acre caused highly significant 
reductions in nitrification only during the first 4 weeks. When CADE was 
applied at the rate of 5,000 gallons, formation of nitrate was highly significantly 
reduced during the first 8 weeks; however, the rate of formation during the last 
8 weeks was equal to that in the controls, indicating complete recovery of the 
nitrifying organisms, even though the total nitrate content in this sample at 16 
weeks was less than half that in the untreated control. 

As in the sandy loam soil, the combination of the two herbicides when applied 
to the soil at rates up to 100 gallons per acre did not cause any reduction in 
total nitrate accumulation during the 16 weeks, though at 50 and 100 gallons 
a highly significant retardation in nitrification was evident during the first 2 
weeks. An application of 1,000 gallons per acre invariably caused a highly sig- 
nificant reduction in nitrate formation which persisted through the test period. 
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Data on the influence of the herbicides upon the total plate counts in the silt 
loam are presented in table 3. 

These data indicate that 2,4~D, CADE, or a combination of the two, when 
applied to this particular soil in the concentrations ordinarily employed, exerted 
no appreciable influence upon the bacterial plate counts. However, 2,4-D in 
concentrations of 25 pounds per acre or higher, CADE in concentrations of 500 
gallons or more, and a combination of the two in concentrations of 1,000 gallons 
or more resulted in temporary increases in the plate counts, the magnitude and 
duration of the increase in bacterial populations increasing as the quantity of 
herbicides increased. 

TABLE 4 

Initial effect of 2,4-D, CADE, and 2,4-D + CADE on bacterial numbers in sandy loam 


BACTERIA IN MILLIONS PER GRAM AT OIPPEKENX 
PERIODS AFTER TREATMENT* 


Herbicide 

Rate per A. 

3 hr. 

6 hr. 

24 hr. 

7 days 

14 days 

0 

0 gal. 

43.4 

53.0 

66.8 

75.8 

31.8 

2,4-D 

50 lb. 

69.2 

53.3 

49.2 

69.3 

32.7 

CADE 

5000 gal. 

19.5 

12.8 

48.4 

183.4 

207.2 

2,4-D + CADE 

1000 gal. 

1 28.2 

1 28.4 

30.4 

143.7 

! 172.4 


* The initial bacterial count was 47.4 million. 


Experiment S, Effects of herbicides on bacterial numbers in sandy loam. The 
data relative to the influence of herbicides upon bacterial numbers in the pre- 
ceding experiment suggested the possibility that the herbicides might be func- 
tioning as agents bringing about the well-known partial sterilization phenom- 
ena. To gain more specific information on this point, experiment 3 was carried 
out. This experiment was set up in the same general manner as the preceding 
experiments except that fresh undesiccated sandy loam soil was employed and 
a single concentration of the various herbicides, presumably high enough to be 
effective, was employed. To detect an initial sterilizing effect, the time intervals 
for analysis were reduced to hours and days instead of weeks (table 4). 

These data indicate that 2,4-D did not function as a sterilizing agent in this 
soil, and neither was there any marked increase in bacterial numbers following 
treatment up to 50 pounds per acre. On the other hand, CADE temporarily 
reduced the bacterial population developing on poured plates. This reduction 
was followed by marked increases in the bacterial flora within 7 to 14 days. 
Thus, the over-all bacterial population curve paralleled that following the appli- 
cation of any volatile disinfectant. Time did not permit a careful study of other 
partial sterilization phenomena. 

DISCUSSION OF RESULTS 

The toxicity to vegetation of the three herbicides used in these studies was 
demonstrated by the marked inhibition of the germination of various weed 
seeds in the soil; this w^as especially noticeable at the higher concentrations. 
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The toxicity of 2,4-D to various soil microorganisms has been observed by 
several investigators and reviewed by Jones (4). The concentrations of 2,4-D 
recorded as toxic, however, have been far above those normally used in the 
control of weeds. Soil conditions have been reported as influencing to some 
extent the toxicity of the acid to soil microorganisms. 

The data here reported relative to 2,4~D substantiate previous findings in 
that normal field applications were found to be without effect upon either the 
nitrifying bacteria or the plate counts. This was found to be true also of CADE 
and of the combination of 2,4«D and CADE. A temporary depression in the 
activity of the nitrifying bacteria became evident as the concentrations of all 
three herbicides were increased. Both the extent and the duration of this de- 
pressed nitrification increased as the concentration of the herbicide increased. 
In no instance, however, even with the highest concentration tested, was nitri- 
fication completely stopped. Furthermore, in all but three instances, namely, 
50 pounds 2,4-D and 1,000 gallons 2,4-D + CADE per acre in the silt loam 
and 6,000 gallons CADE per acre in the sandy loam, normal nitrification was 
regained within 8 to 16 weeks even with the highest applications of all three 
herbicides. 

In view of the large excess accumulation of nitrate nitrogen over the added 
ammonium nitrogen, it is also evident that the herbicides did not destroy the 
ability of the soil flora to mineralize the soil’s store of organic nitrogen. 

The fate of 2,4-D and CADE in soils is unknown. Neither is it known how the 
bacteriostatic action of these agents upon microorganisms is accomplished. 
Though high concentrations of CADE may bring about limited bactericidal 
action, the supposedly more delicate nitrif 3 dng organisms are not completely 
destroyed. In fact, appreciable formation of nitrates was taking place in the 
presence of the highest concentrations of the herbicides throughout the entire 
experimental period. 

The herbicides under study are not volatile, and the experimental conditions 
prohibited leaching. The herbicide 2,4-D has been reported as disappearing 
from soils within a few weeks, and its disappearance has been associated with 
microbic activity. Several investigators have suggested utilization of the acid 
by various organisms (1, 2, 3, 6, 7, 9, and 10). Most of the evidence has been 
of an indirect nature. The time intervals suggested for the disappearance of 
2,4-D from soils correspond more or less with the duration of the bacteriostatic 
effect upon nitrifying bacteria. 

There are no reports available relative to the action of CADE upon micro- 
organisms or its disappearance from soils. It is well known, however, that many 
simple and fairly complex hydrocarbons can be utilized by various types of 
widely distributed soil microorganisms, and it is conceivable that such organisms 
are responsible for the destruction of CADE and, hence, the elimination of its 
bacteriostatic effect. One observation in the silt loam soil is interesting in this 
connection; namely, that the accumulation of nitrate nitrogen in the samples 
receiving the heaviest application of the herbicides paralleled almost perfectly 
the accumulation of nitrates in the untreated control which received no ammo- 
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nium nitrogen. This suggests the possibility that the herbicides might, in some 
way, have temporarily immobilized the ammonium sulfate nitrogen. No ex- 
planation is available as to how this could have been accomplished. This problem 
is being investigated further. 


SUMMAEY 

2,4-D, CADE, and the combination of 2,4-D and CADE applied to the 
sandy loam and silt loam soils at the usual field rates of 3 pounds, 100 and 500 
gallons, and 30 gallons per acre, respectively, did not appreciably reduce the total 
nitrates that accumulated during the different intervals. 

Although there were marked temporary reductions in the total nitrates accum- 
ulating in samples treated with high concentrations of the herbicides, the accumu- 
lation of nitrate nitrogen was not completely inhibited, and within 8 to 16 weeks 
the rate of accumulation in most instances had again reached that in untreated 
soils. 

The higher concentrations of the herbicides applied to the soil samples caused 
a temporary increase in total plate counts as determined on egg albumin agar. 

High concentrations of CADE and the combination of 2,4-D and CADE 
exhibited a typical partial sterilization phenomenon; 2,4-D alone at the rate 
of 50 pounds per acre did not exhibit a similar phenomenon. 
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Agricultural Resources of China. By T. H. Shen, Cornell University Press, 
Ithaca, N. Y., 1951. Pp. 407, figs. 20. Price $5. 

The anthor of this very interesting book points otit that he is dealing with x 
land area that supports 450 million people, about one fifth of the population of 
the earth. The whole agricultural economy of the nation is discussed under 
headings of physiography, biological factors, water resources, economic factors, 
land use, food consumption, food crops, oil crops, tea, tobacco, livestock, fisheries, 
fibers, and forests, with some suggestions as to education, extension, and research 
for better utilization of agricultural resources. The animal population is esti- 
mated at 29 million cattle; 10 million horses, mules, and asses; 48 million pigs; 
and 21 million sheep and goats. The fertilizer program consists largely of canal 
mud, legume green manures, human excreta, estimated at 100 million metric 
tons annually, and animal manures, estimated at 400 million metric tons. 

Les Cahiers de la Recherche Agronomique. Service de la Recherche Agronomique 
et de TExp^rimentation Agricole, Rabat, 1950. Pp. 479, paper-bound. 

This report contains a detailed discussion and extended bibliography of the 
legume forage crops of Morocco by Andr4 Poury, shorter discussions of Eragrostes 
and Melinis nimuiifiora by the same author, papers on Panicum and Pennisetum 
by Guy Perrin de Brichambaut, and a final paper on the millets by Marcel 
Niqueux. A large number of good illustrations are presented in the report. 

Disease in Plants. By Neil E. Stevens ano Russell B. Stevens. The Chronica 
Botanica Co., Waltham, Mass., and Stechert-Hafner, Inc., New York, 1952. 
Pp. 219, figs. 61. Price $4.75. 

This is the first of a series of 12 volumes designated as a ^‘Manual of Plant 
Sciences’’ that is being edited by Frans Verdoom. It is an introduction to the 
science of agricultural phytopathology. The manuscript was essentially finished 
at the time of the senior author’s death; his son was called on to complete the 
task. Following an interesting introduction, the authors deal with causal agents, 
factors influencing disease development, variation in plant pathogens, and 
disease control. Soil scientists will be specially interested in the chapters on 
nutritional factors, weather and soil, and soil treatment and crop rotation. Among 
the special features are several very attractive engravings, a page of quotations 
about disease from ancient writers, reproduction of the frontispiece of Father 
Zallinger’s De Morlis Plantarum^ layout of a classic set of experimental plots 
used by Tillet near Bordeaux, and Jacob Eriksson’s plea for international col- 
laboration in disease control. Reference is made to the work of some 300 authors. 
The book is a highly attractive and valuable addition to the literature. 


Dynamique du SoL Volume 1, Fifth Edition. By A. Demolon. Dunod, Paris, 
1952. Pp. 520, figs. 132. Price 4,600 F. 

The fourth edition of volume 2 of this set, entitled “Croissance des V6g6taux 
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Cultiv4s/’ was published in 1950. This volume, as in the previous edition, is 
divided into four parts: evolution, physics, chemistry, and biology of soils. 
Considerable improvement has been effected in the presentation, and much new 
material has been reviewed. Specific references are given at the bottoms of the 
pages, and general references are shown at the end of each of the 17 chapters. 
The appendix gives methods of sampling and analyzing soils. The illustra- 
tions are largely graphs but include one plate of soil profiles in color. The book 
merits special consideration as a text for graduate students who want to increase 
their ability to read French. The author is an excellent writer, and the material 
is presented in an attractive and highly interesting form. 

Farm Power. By Ben D. Moses and Kenneth R. Fkost. John Wiley and Sons, 
Inc., New York, 1952. Pp. 484, figs. 285. Price $5.75. 

Almost every question one might have about internal combustion engines 
and tractors is answered in this well-developed and excellently illustrated vol- 
ume that begins with a discussion of relation of farm power to agriculture and 
ends 34 chapters later with a list of good references. At the close of each chapter 
is a set of good questions and problems that are designed to fix the essential 
points in the student’s mind. On completion of the course, the student should 
have a good understanding of carburetion, ignition, power transmission, power 
measurement, tractor equipment, traction, lubrication, and the economics of 
farm power. The authors have made a highly important contribution to the 
teaching literature in this field. 

A Laboratory Manual for Soil Fertility Students. By Darrell A. Russell. 
Wm. C. Brown Company, Dubuque, Iowa, 1950. Pp. 75. Price, paper-bound, 
$1.85. 

This manual is designed for laboratory work in the beginning course in soil 
chemistry and fertility at the University of Illinois. The 13 exercises include 
determinations of nitrogen, organic matter, exchange capacity, exchangeable 
bases, pH, available phosphorus and potassium, nitrates in plant tissues, lime 
requirement of soils, neutralizing power of limestone, and sieve analysis of crushed 
stone. The procedures are carefully outlined, and drawings of the necessary 
apparatus are shown. The appendix contains a calculation of percentage error, 
acid-base titration curves, directions for preparation of reagents, and sugges- 
tions with respect to collecting, analyzing, and interpreting analyses of samples 
of farmers’ soils. It is of interest to note that limestone quality is measured in 
terms of purity and percentages that pass the 8-mesh and 50-mesh screens. 

Land for Tomorrow. By L. Dudley Stamp. Indiana University Press, Bloom- 
ington, 1952. Pp. 230, figs. 31. Price $4. 

The subtitle of this book is 'The underdeveloped world.” The primary aim of 
the author is to examine into our land resources, which total more than 33 bil- 
lion acres, of which between 3 and 4 billion are under cultivation. On this land 
an estimated 28 billion bushels of cereal grains are being grown annually to 
feed a population approaching 2i billion. Special attention is given to the 
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possibilities of food production in the equatorial regions, well described by the 
phrase “regions of lasting difficulty.” The evidence suggests that such land is 
not likely to be developed except where the soils are of recent volcanic origin. 
The author decides that there are “at least a couple of million square miles” 
of such land that, with difficulties that are enormous and are likely to remain 
so, might be brought under cultivation. This is a highly instructive book. 

Moisture Requirements in Agriculture. By Haeey Burgess Roe. McGraw-Hill 

Book Company, Inc., New York, 1950. Pp. 413, figs. 150. Price $6. 

As would be expected, the author of this book is concerned primarily with 
water problems as related to irrigation of arid lands, the total area of which 
for the United States is set at 21 million acres. For the earth as a whole, the 
acreage of irrigated land is estimated at 202 million acres. After a general dis- 
cussion of soil-plant water relationships, the author considers soil water in terms 
of sources, disposition, flow, and measurement. Irrigation is dealt with in terms 
of principles and problems, time of application, water economy, methods, struc- 
tures, pumping, and water requirements of specific crops. One chapter has to do 
with the general framework of irrigation fanning and another with legislative 
and administrative features. The final chapter considers irrigation in humid 
climates, but it fails to measure up to the others in meeting the need for infor- 
mation in eastern United States. A lifetime of study and experience has gone 
into the writing of this book, and the results are quite apparent. 

Our Garden Soils. By Charles E. Kellogg. The Macmillan Company, New 

York, 1952. Pp. 232. Price $4. 

This book “is about garden soils, not gardening in general. It does not attempt 
to deal with matters that lie mainly in the field of horticulture, or landscape 
gardening, or insect and disease control, or engineering.” So, it deals with what 
soil is, its profile, its organic matter, its water, and its reaction. One chapter has 
to do with balancing soil nutrients, and others are about lawns, starting and 
moving plants, and planning gardens. Soil preferences of a long list of garden 
plants are considered in detail. The book is interesting and constructive. It needs 
some good illustrations. 

Modern Gardening. By P. P. Pirone. Simon and Schuster, New York, 1952. 

Pp. 371. Price $3.50. 

The author of this book is responsible for the health of some 12,000 kinds of 
plants growing under glass and outdoors at the New York Botanical Gardens. 
The first part of the book deals with wonder drugs, planting fundamentals, 
foliage feeding, weed and insect killing, medicines for ailing plants, house plants, 
chemicals for the vegetable garden, and garden miracles. The wonder drugs are 
insecticides, fungicides, herbicides, and fertilizers. The garden miracles involve 
use of growth inhibitors, such as maleic hydrazide; permanent insecticides, such 
as octamethylpyrophosphoramide; heredity-influencing agents, such as colchi- 
cine; seed-producing inhibitors, such as naphthaleneacetic acid; and agents to 
prevent fruit drop, such as potassium naphthaleneacetate. The second part is 
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devoted to answering 500 questions on a great variety of problems involved in 
growing horticultural and garden plants. This is an interesting and useful book. 

Phosphorus Metabolism, Edited by William D. McElroy and BENa?LEY Glass. 
The Johns Hopkins Press, Baltimore, 1951. Pp. 762. Price $10. 

In the introduction to this symposium report, Otto Meyerhof comments on 
the point that this subject did not exist 25 years ago. Yet 51 persons presented 
papers and 25 others participated in the conference that was called to consider 
the various phases of the subject. The papers cover metabolism of polysacchar- 
ides, disaccharides, hexosephosphates, pentose, triose phosphates, and phos- 
phorus-containing coenzymes, formation and use of active acetate, oxidative 
phosphorylation during electron transport, biochemistry of inorganic metaphos- 
phates and pyrophosphates, chemistry and thermodynamics of phosphate bonds, 
and utilization of phosphate bond energy in biological systems. The work of 
some 125 scientists in this field is reviewed. An excellent summary of the present 
status of their work is given in a concluding chapter by Bentley Glass. This 
valuable book should have a place on the shelves of all soil-plant scientists. 

The Reports of the Institute for Agricultural Research, Volume 1-2. Tohoku Uni- 
versity, Sendai, Japan, 1950. Pp. 155, paper-bound. 

This is Series D (agriculture) of the science reports of the research institutes 
of Tohoku University. It contains papers on phosphorus and iron absorption 
by rice, inoculation of rice plants with Piricularia oryzae^ plant succession in 
natural grassland, tubeiization in the potato plant, economic meaning of plant 
breeding, logic of rotation, double-crop farming technique for paddy fields, and 
seed-oyster production. 

Soil Engineering. By Merlin Grant Spangler. International Textbook Com- 
pany, Scranton, Pa., 1951. Pp. 458. Price $6.50. 

The first half of this introductory text on soils for students in engineering has 
all the earmarks of a text for agricultural students. It deals with the origin and 
nature of soil, its profile, structure, texture, density, and water relationships, 
and with methods of surveying and sampling. But the second half departs from 
the usual agricultural application to that of engineering, with chapters on frost 
action, stabilization, stress distribution, consolidation, shearing-resistance, slope 
stabilization, embankments, bearing-capacity, piles, and underground conduits. 
The book is well illustrated, mostly with excellent drawings, which delight the 
eye of the engineer and excite the envy of the agriculturist. Appended to each 
chapter is a list of questions and problems and a selected bibliography. This is 
an excellent text for engineers and merits study by those interested primarily in 
soil as related to agriculture. 

A Study of Soils and Land Forms of the Chesapeake Bay Margins, By G. F. Carter 
AND V. P. SoKOLOFP. Johus Hopkins University, Isaiah Bowman School of 
Geography, Baltimore, 1951, Pp. 37. 
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The study was sponsored by the OfBce of Naval Research. The authors used 
terraces of the Chesapeake Bay as time markers. They studied fields of known 
history, archaeological data, and distribution of trace elements. They applied 
the C14 technique. Supplemental surveys were made as far north as Canada and 
as far south as Florida. As a result, the hypothesis of a single process in the 
development of humid soils is presented. This permits of the conclusion that 
latasols are merely truncated podzols, resulting from erosion. 

Surface Actimty. By J. L. Moilliet and B. Collie. D. Van Nostrand Company, 
Inc., New York, 1951. Pp. 379. Price $10. 

The authors of this book divide the subject into physical chemistry, technical 
applications, and chemical constitution of synthetic surface-active agents. Among 
these agents are sulfonic acids and their salts, aliphatic sulfates, carboxylates, 
sulfinates, phosphates, amine salts, quaternary ammonium and p3iTidinium 
compounds, polyethenoxy compounds, derivatives of polyglycerols, and lignin 
sulfonic acids. Among the important uses considered are wetting-out and water- 
proofing processes, preparation of emulsions, dispersions of solids in liquid 
media, detergent processes, and a number of miscellaneous operations. Refer- 
ences are given to the work of some 450 authors. About 100 trade names, with 
the composition of the products represented by them, are indexed. The material 
in the book is of great interest, both theoretical and practical. 

Understanding Heredity, By Richard B. Goldschmidt. John Wiley & Sons, 
Inc., New York, 1952. Pp. 228, figs. 49. Price $3.76, 

In this introduction to the science of genetics the author deals with heredi- 
tary traits, fertilization, Mendelism, chromosomes, linkage, mutation, inheri- 
tance, collaboration of genes, multiple factors, multiple alleles, and some of the 
problems that lie ahead. He points out that man has a peculiar advantage be- 
cause of his brain, which permits of passing on improvement by oral and written 
communication as well as by inheritance. He speaks of the use of MendePs law 
in law cases involving questions of parentage. He philosophizes on what the 
Martians might do with the men on earth as captives in breeding for muscle 
and fat. He discusses the mapping of chromosomes, the terrible possibilities of 
atomic bomb explosions, and the relation of genetics to evolution. Appended is 
a long list of questions, a bibliography of books for supplemental reading, and 
a well-developed glossary. This is a highly interesting book. 

Der V egetationsversuch: I, Die Methodih der Wasserhultur hoherer Pflanzen. By 

W. ScHROPP. Neumann Verlag, Radebeul und Berlin, 1951. Pp. 313, figs. 65. 

Price, D. M. 22. 

This is the eighth volume of a series dealing with methods of research as applied 
to soils, fertilizers, feedstuff s, seeds, milk, and plants. It reviews the subject of 
water-culture techniques in detail, outlining the various methods that have 
been and are being employed, and giving the composition of the solutions used. 
The book is well illustrated and contains two plates in color. References are 
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given to the publications of some 500 authors. The author has made a highly 
important contribution to the literature on this subject. 

World Population and Future Resources. Edited by Paul K. Hatt. American 
Book Company, New York, 1952. Pp. 262. Price $3.50. 

The proceedings of the second centennial academic conference of Northwestern 
University, held at Evanston, Illinois, in March, 1951, are recorded in this vol- 
ume. The 20 speakers, specialists in their respective fields, dealt with population 
growth; land, water, mineral, fuel, and energy resources; food potentialities of 
the ocean; and technological advances in food production. One of the most 
penetrating presentations is that of Paul B. Sears on cultural factors in food 
production. He points out that ''if our present knowledge could be applied ruth- 
lessly and remorselessly, without any moral consideration except that of trim- 
ming population down to fit the earth and keeping it in balance, our problem is 
capable of solution.’’ He reaches the decision that "better stewardship alone 
can only buy us time to face the ultimate problem of a rational adjustment be- 
tween population and the resources which sustain it.” The book comprises a 
valuable set of thought-provoking lectures. 

The Editoks. 

Serozems of Middle Asia. By A. N. Rozanov. Academy of Sciences of the USSR, 
Moscow, 1951. Pp. 459, illus. 

This monograph, in Russian, is another milestone on the road of Soviet 
literature on soil science. Together with Rode’s earlier comprehensive treatise 
on "Podzolic Process” and Kovda’s several volumes on saline soils, Rozanov’s 
new book represents the growth of the series of fundamental monographs fol- 
lowing the classical work of Dokuchaev on "Russian Chernozem.” 

Rozanov’s monograph consistsof seven chapters: 1. Geophysical characteristics 
of the serozem zone in Middle Asia; 2. "Hypergenic” processes (weathering) 
in the serozem zone; 3. Genetic types of the parent materials in the serozem 
zone; 4. Soils of the serozem zone; 5. Serozems as a genetic type of soils; 6. 
Principal features of the genesis and evolution of serozems; 7, Principal economic 
characteristics of serozems. A list of literature includes some 400 to 450 titles, 
of which hardly more than 10 per cent are references to non-Russian sources. 

The region dealt with extends eastward from the Caspian Sea. Its northern 
boundary runs toward the southwestern shores of Lake Balkhash along the 
valley of the Chu River, that is, a little to the south of Lat. 45°N. It extends 
east to include the Ala-Kol depression. The southern boundary of the area runs 
from east to west along the 860-meter contour through the northern foothills 
of the Dzhungarski Alatau, Zailiiski Alatau, Kirgiz Range, and the western 
Tian-Shan and Pamir- Alai. Farther west the boundary bends to the southwest 
and extends into Afganistan and Iran. Thus, the region includes the southern- 
most part of Kazakhstan and most of the Uzbek and Tadzhik republics. Between 
the Caspian and Aral Seas it embraces the southern part of the Ust-Urt plateau. 
Almost three fourths of the entire region consists of fairly level lowland and 
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smooth plain having less than 1,000 feet of absolute elevation. Most of this 
area is occnpied by sandy deserts and semideserts, including the Kara-Eum, 
Kizil-Kum, and Mu 3 azn-Kum. 

The heart of the book is the longest, fourth chapter (pp. 156-328) and espe- 
cially the section dealing with ^‘systematics of soils of Central Asia^’ (pp. 173- 
318). The author points out that he does not attempt to present the genetic 
classification of these soils but merely gives a systematic description of various 
soils found in this part of the world. In his list, however, these soils are arranged 
into eight general groups or “types, which are subdivided into some 30 “sub- 
t 3 npes.^' The subtypes are further broken down into ^^pecies,^^ of which about 
60 are mentioned in the list. Each species consists of “variants,'^ which differ 
from one another in mechanical composition and range from heavy clays to 
sands and coarse stony soils. The principal “soil type’’ is defined as a broad 
group of soils that are developed under similar geophysical conditions and are 
similar to one another in the general trend of soil-forming processes as well as 
in general character of the profiles. The “subtypes” within a single type represent 
local or subregional modifications of the whole general unit, such as “central” 
(typical) and “northern” subunits. Species within a subt 3 pe or a type, if the 
latter is not divided into subtypes, are differentiated on the basis of relative 
degree of development (for example, weakly, moderately, and strongly developed). 

Commenting on his list, the author points out that the serozem zone is occupied 
by many different soils, among which the “typical” serozems are not the most 
abundant. The greater part of the area is occupied not by typical serozems but 
by various geographically associated soils, such as takyrs, meadow soils, solon- 
chaks, and solonized soils. Most of these associates bear some characteristics 
which show genetic relationships to the principal or typical serozem; in conse- 
quence, these soils might be described as serozemic. 

The author presents descriptions of numerous individual soil profiles. In the 
reviewer’s opinion, this part of the monograph is the least satisfactory. Soils are 
described in the most elementary, and in some cases even naive, terms. The 
whole long chapter runs as if it were written some 40 or 50 years ago. Expressions 
uch as “somewhat darkish-brownish, rather moist” were not uncommon in 
the amateurish preliminary reports written at the very beginning of the cen- 
tury, but they sound anachronistic in 1951, and the reader begins to wonder 
whether any progress in the concepts and scientific analysis of the soil morphol- 
ogy has been made during the half of a century. Even such a cardinal subject 
as identification and designation of the genetic soil horizons appears to be almost 
meaningless. In most instances, horizons are not identified at all, and the data 
are referred just to so and so centimeters below the surface. Wherever the A, 
B, and C horizons are mentioned, the references are made to the horizons as 
defined by Dokuchaev and Sibirtzev, that is, horizons based on “relative content 
of humus” in the soil profile (footnote on p. 201). These concepts and definitions 
are more than 50 years old and certainly are out of date today. 

Many pages are devoted to data obtained by chemical and mechanical analyses. 
The chemical data consist largely of not very informative analyses of conven- 


180 


BOOKS 


tioEal water extracts, whereas mechanical analyses are much too fragmentary. 
In most tables only the content of a few mechanical fractions is reported. Com- 
plete mechanical analyses of the whole soil profile are very few. 

Much more interesting and up to date are chapters 5 (pp. 329-408) and 6 
(pp. 409-426), in which the author presents a fairly complete and well-done 
general picture of the serozem soil. This picture is summarized on pages 407 and 
408. According to the summary, serozems are characterized by rather featureless 
profiles due to the weak differentiation of individual horizons, especially as 
regards the development of the textural profile. As a rule, the clay content of 
these soils is low because of the relatively low efficiency of chemical weathering. 
The clay that is present is usually in a state of stable microaggregation. The 
exchange capacity of serozems, naturally, is low, but the soils are completely 
saturated by the exchangeable bases. Of these, calcium and magnesium are the 
most abundant, comprising 85 to 95 per cent of the total. Soil solution usually 
has a weak alkaline reaction. 

The carbonate content of serozems is typically high. A rather strong develop- 
ment of carbonate-enriched horizons is very common. A large part of the car- 
bonates in the profile, however, consists of residual lime inherited from the 
unleached parent material. The humus content of serozems, on the other hand, is 
very low, and what is present is distributed throughout a horizon of consider- 
able thickness. The humus in serozems consists largely (30 to 40 per cent) of 
proteinic substances. Hence, its carbon-nitrogen ratio is conspicuously narrow, 
ranging from less than 5 to about 7, as contrasted with 10 to 14 in the cherno- 
zems. Accumulation of humus in serozems is precluded by the complete min- 
eralization of fresh organic residue within a year, which indicates a conspicuously 
high biochemical activity in these soils. 

Most serozems have a rather friable consistence and fairly high porosity. 
Absence of ‘^agronomic” crumb structure, but fairly good development of micro- 
aggregation, is typical. The content of all essential plant nutrients, with the 
exception of nitrogen but including the minor and trace elements, in serozems is 
high and compares favorably with the best agricultural soils, including the very 
best chernozems. The phosphorus content amounts to 0.15 to 0.20 per cent, 
most of which is in nonavailable form. Water-soluble phosphates are virtually 
absent; therefore application of superphosphate is hardly less effective than 
the application of nitrogenous fertilizers. 

Eozanov’s interpretation of probable genetic relationships between the various 
regional soils and of the general trend of evolution of the zonal serozem soil 
complex is based largely on scholastic and highly controversial doctrines of the 
late V. R. Williams. It contains some interesting and stimulating ideas but lacks 
objective documentation and, hence, is unconvincing. 

Despite its several largely technical shortcomings, the book as a whole is a 
very valuable contribution to soil science and provides abundant first-hand 
information about one of the least known and least understood groups of zonal 
soils . By the resolution of the Academy of Sciences of the USSR, its author was 
awarded the Dokuchaev premium. 


C. C. Nikiforopf. 
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STANDARD FERTILIZATION AND LIMING AS FACTORS IN 
MAINTAINING SOIL PRODUCTIVITY 

ALFRED Islander 

Royal Institute of Technology j Stockholm 
Received for publication December 11, 1951 

In more or less humid regions where acid soils are predominant, liming is 
generally recommended as an indispensable to soil fertility. The bases for this 
recommendation have been results obtained in liming trials on acid soils. On 
unlimed plots only poor yields have been obtained; after adequate liming, 
yields have been satisfactory. 

The writer has worked out a method of computing the amounts of plant 
nutrients that should be added to a given soil to produce maximal crop yields 
insofar as a lack of plant nutrients is the limiting factor of production. This 
method of fertilization has been called standard fertilization because it is sup- 
posed to bring about a suitable nutritional standard in the soil. When standard 
fertilization has been tested in liming trials on acid soils it has produced such 
heavy yields on unlimed plots that addition of lime has resulted in only small, if 
any, increases. Liming has become superfluous and unprofitable. 

HISTORICAL 

Early experience of the writer (13) indicated that very good yields of red clover, for 
instance, could be obtained on well-managed soils that had not been limed since they were 
brought under cultivation centuries ago and that were found to be acid to litmus. Addition 
of lime gave no increases. 

Many years later the problem was attacked scientifically. During the excursion follow- 
ing the First International Congress of Soil Science, the idea was conceived that neutral or 
even alkaline soils could be formed by “acid’^ rocks, and subsequently it was found that 
finely ground granite and gneiss, commonly described as acid rocks, induced a pronounced 
alkaline reaction in an aqueous suspension. Leaching produced an acid reaction (3). The 
all-important role of leaching in soil reaction was thus demonstrated. 

The low productivity of acid soils has generally been attributed to the injurious action of 
H ions. Good yields had been recorded however, on well-managed acid soils to which 
farmyard manure and chemical fertilizers had been applied. Thus a good supply of nutri- 
ents in the soil appeared to moderate or wholly offset the supposedly injurious action of H 
ions. The concentration of the soil solution appeared to be important. Common nutrient 
solutions were found to be very acid. Nevertheless, good yields were obtained. 

In an experiment barley was found to grow as well in a nutrient solution of common con- 
centration at pH 3.75 as at pH 6.75. When the solutions were diluted, the yields decreased 
much more rapidly in the acid than in the neutral solution (4). Thus a certain relation was 
found to exist between crop production on acid soils and in acid solutions. In a concentrated 
acid solution and in a well -fertilized acid soil, the yields are good, whereas in diluted acid 
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solutions and in nonfertilized acid soils the yields are poor. The amount of nutrients present, 
and not the reaction, determined crop production. 

In subsequent experiments it was found that Ca ions exhibited a striking antagonism to 
H ions, when barley was grown in acid solutions (6), Still earlier in 1924, Lundeg§,rdh (22a) 
had demonstrated antagonism between Ca ions and H ions during germination and growth 
of wheat. 

The idea was then conceived that the difference between an acid soil and a neutral or a 
slightly alkaline soil lies not in acidity, or H-ion concentration of the soil solution, but in 
nutrients available to the plant. The first attempt to determine the amounts of readily 
available nutrients in mineral soils of arable land gave striking results. Neutral or slightly 
alkaline soils were found to be rich in readily soluble plant nutrients; but with increasing 
acidity, a marked decrease was noted in such nutrients. Distinctly acid soils were found to 

TABLE! 


AmounU of readily soluble plant nutrients in typical Swedish arable soils 
In mgm. per kgm. soil 


TYPE OP 

SOIL LAYERS 

son. TYPES i 

pH 


REABILY SOLUBLE 


CLIMATE 

1 

P 

1 

K 

Ca 

Mg 

Mn 

Dry 

cm* 

0~20 

Medium clay 

7.1 

46 

86 

2,111 

428 

11 


! 100 

Medium clay 

' 8.3 

76 

208 

28,940 

5,711 

79 

Wet 

I 0-20 

Medium clay 

5.7 

1.2 

41 1 

779 

256 

12 


100 

Heavy clay 

7.7 

71 

73 1 

8,840 

1,880 

187 


TABLE 2 

Amounts of readily soluble plant nutrients in the topsoil of arable land in two districts 

of Sweden 

In kgm. per hectare 


TYPE OP 
CLIMATE 

NUMBER OP 
ANALYSES 

son. TYPES 

pH 

P 

K 

Ca 

Dry 

30 

Heavy clay 

7.9 

248 

503 

20,150 

Wet 

50 

Light clay 

5.6 

9 

75 

2,160 


be very poor in readily soluble plant nutrients (7) . A close relationship of humidity of cli- 
mate, soil reaction, and soil fertility was proved. In regions with such a dry climate that 
podzolization does not occur, the soils are neutral or slightly alkaline in reaction and more 
or less rich in readily soluble plant nutrients; in short, they are fertile soils. Conversely, 
in regions with a wet climate, the soils are podzolized and the readily soluble plant nutrients 
are lost by leaching. The result is an acid soil poor in plant nutrients, an infertile soil. 

The relation of humidity of climate, soil reaction, and amount of readily soluble plant 
nutrients is clearly brought out in table 1. 

In the dry climate (precipitation about 500 mm. annually) the podzolization has been 
slight. The soil reaction in the topsoil is still neutral. The amounts of readily soluble plant 
nutrients are comparatively high: it is a fertile soil. At a depth of 100 cm. the content of 
nutrients, especially of Ca, is still higher. 

In the wet climate (annual precipitation about 1,000 mm.) the soil has evidently been 
podzolized. The soil reaction is acid, and the amounts of readily soluble plant nutrients 
are reduced. Available phosphorus has almost disappeared, and the only quantity of readily 
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soluble calcium is comparatively high. It is an infertile soil, but it would seem reasonable 
that any attempt to increase the fertility should aim primarily at an increase in phosphorus 
content rather than calcium. At a depth of 100 cm. the soil is comparatively rich in readily 
soluble plant nutrients. 

In table 2 the influence of climate upon the content of P, K, and Ca is still more obvious. 

The next question was: Are low yields in acid soils caused by the acid reaction, by the 
insufficient content of plant nutrients, or by both these factors in combination? The first 
attempt to answer this question was made in pot culture experiments. Samples of soils were 
collected from many parts of the country: neutral or slightly alkaline soils from regions 
with a low or moderate precipitation, and acid soils from wet regions. The contents of readily 
soluble plant nutrients were determined, and a neutral soil known to be very fertile was 
chosen as the standard soil. This soil was fairly rich in plant nutrients. In the acid soils 
there was a gradual decrease in plant nutrients with increasing acidity. To the acid soils 
were added such amounts of plant nutrients as to make each one equal to the nutritional 
standard of the neutral soil. An attempt was made to provide standard fertilization without 
change in the soil reaction. In addition to the standard fertilization series, a completely 



Fig. 1. Influence of Soil Reaction and Fertilization on Yields of Barley 

fertilized series and a nitrate -fertilized series were set up. Golden barley was grown. Stand- 
ard fertilization gave equal yields in mineral soils between pH 8 and pH 5 (fig. 1). With 
complete fertilization, yields fell off with increasing acidity. This tendency was still more 
pronounced in the nitrate series. Evidently the limiting factor of crop production was not 
soil reaction but the amounts of available nutrients. The innate nutrient contents of the 
neutral or slightly alkaline soils were sufficient to bring about maximal yields, but those 
of the acid soils were inadequate. Complete fertilization increased the yields considerably, 
and standard fertilization induced equality with the neutral soils (7) . 

MATERIALS AND METHODS 

To test standard fertilization under field conditions experiments were laid 
out in various parts of the country characterized by different degrees of hU“ 
midity. The experimental fields were selected under growing crops to ensure 
uniform areas (9). The weed flora was also used as an indicator of uniformity. 
Within the piece of land tentatively chosen for the experiment, several samples 
of topsoil and of subsoil were collected, and a profile was dug to a depth of 
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100 cm. for samples of deeper layers. The samples were analyzed for readily 
soluble plant nutrients by the following method: 

Ten grams of mineral soil (less of humus soil) plus 75 ml. H2O was titrated with a mixture 
of 90 gm. of lactic acid (sp. gr. 1.21) plus 10 gm. of concentrated HCi diluted to 1,000 ml., 
until well below pH 3.5. The sample was occasionally shaken and left overnight, after which 
the reaction was again determined. It was then generally above pH 3.5, but the amount 
of acid necessary to change the reaction to near pH 3.5 could be computed. One hundred 
grams of soil (less of humus soil) was then shaken for 18 hours with the amount of acid found 
to be sufficient to give an ultimate pH of 3.5, the volume of the extraction solution being 
800 ml. After extraction, the pH was measured, and any sample outside pH 3.4r-3.6 was dis- 
carded. The Si, P, K, Ca, Mg, Na, and Mn contents of the extract were determined. Humus 
content was determined by Balks’ (17) wet-combustion method, total nitrogen by the com- 
mon Kjeldahl method, and lime-absorbing capacity by Jensen’s method (21). On the basis 
of the analytical data were computed the amounts of fertilizers needed, in addition to avail- 
able farmyard manure, to bring about standard fertilization. 

The whole experimental field received standard fertilization, and it was there- 
after divided into plots that were unlimed and limed to 1/32, 1/16, 1/8, 1/4, 
1/2, and 1/1 of the lime-absorbing capacity of the soil. The quantity 1/1 de- 
notes the amount of lime necessary to bring the topsoil layer to pH 7.0. The 
plots were run in series of four. On each experimental field the common rotation 
of the farm was followed. The yields were recorded during one rotation period, 
generally for 6 years in succession. Samples of the crops were taken for analysis, 
and in several cases the entire yields were collected as feed for experimental 
animals — ^rats, guinea pigs and rabbits. In all, more than 50 experimental fields 
were laid out and harvested (12), 

BESULTS 

Mineral Soils 

Experimental field was on the Stora Lofhulta estate, Eskilstuna, on the 
southern shore of Lake Malaren about 60 km. west of Stockholm. The climate 
of the region is fairly dry, the annual precipitation being about 600 mm. The 
soils are mostly sedimentary clays, glacial and postglacial. The soil of the ex- 
perimental field was a heavy postglacial clay. The clay content (<0.002 mm.) of 
the topsoil layer was 51.3 per cent and that of the subsoil 60.0 per cent. The 
amounts of readily soluble plant nutrients in the soil are recorded in table 3. 

Standard fertilization for the entire rotation period, six crops, was calculated 
at 45 tons farmyard manure (the usual application on the estate) and 72 kgm. 
P per hectare. No N or K was applied. 

The rotation was as follows: 1, fallow (start of experiment); 2, winter wheat; 
3, spring wheat; 4, hay; 5, hay; 6, spring wheat; 7, oats. The hay crops were a 
mixture of red clover and timothy grass. 

Yields of winter wheat and combined average yields from the experimental 
field are recorded in table 4. The yields were uniformly high between pH 5.5 
and pH 7.1, 

Experimeiital field Km was on the Vapno estate, Halmstad, on the west coast 
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of Sweden. The climate of the region is comparatively wet, the average annual 
precipitation being about 800 mm. The soils are sedimentary glacial clays. The 
soil of the experimental field was a medium clay with 35.2 per cent clay particles 
in the topsoil layer. The amounts of readily soluble plant nutrients, determined 
in the upper 20-cm. layer only, were as follows, in milligrams per kilogram of 
air-dry soil: Si, 60; P, 3.7; Ca, 1,257; K, 20; Na, 41; Mg, 757; Mn, 15. The top- 
soil had a pH of 5.7, humus content 4.10 per cent, total nitrogen 0.201 per cent, 
lime-absorbing capacity 30 tons of slaked lime per hectare, volume weight 1.11. 


TABLE 3 

Amounts of readily soluble plant nutrients in the soil of experimental field Kn^ 
In mgm. per kgm. air-dry soil 


SOIL LAYERS 

pH 

Si 

P 1 

Ca 

X 

Na 

Mg 

Mn 

Topsoil, 0-20 cm 

5.5 

33 

5.5 

1,218 

35 

123 

360 i 

9 

Subsoil, 20-40 cm 

5.9 

177 

1.8 

1,000 

25 

92 

240 

14 


* Topsoil: humus content 7.30 per cent, total nitrogen 0.377 per cent, lime-absorbing 
capacity 16.5 tons of slaked lime per hectare, volume weight 1.23. 


TABLE 4 


Yields of winter wheat and average yearly yields in harvest units on experimental field K si 

On per-hectare basis 


LIMING 

pH 

1st year winter 

1ST-6TH YEARS HARVEST UNITS* 

Degree 

Amount 

WHEAT 

Number 

Difference 

0 

kpn . 

0 

5.5 

kgm . 

5,900 

4,100 


1/32 

516 

5.6 

6,900 

4,020 

-80 

1/16 

1,032 

5.8 

5,820 

4,090 

-10 

1/8 

2,063 

6.0 

5,840 

4,110 

+10 

1/4 

4,125 

' 6.4 

5,780 

3,990 

-110 

1/2 

8,250 

6.8 

5,880 

3,980 

-120 

1/1 

16,500 

7.1 

6,200 

4,150 

+50 


* One harvest unit is equal to feeding value of 1 kgm. barley grain. A harvest of 6000 
kgm. of grain per hectare corresponds to 90 bushels per acre. 


Standard fertilization for the first 4 years of the experiment was calculated at 
35 tons of farmyard manure (normal supply), 100 kgm. N, 48 kgm. P, and 33 
kgm. K per hectare. 

The rotation was as follows: 1, sugar beet (when the experiment was begun); 
2, spring wheat; 3, hay; 4, hay; 5, mixed grain; 6, oats and vetches cut as green 
fodder; 7, winter wheat. Yields of only the first three crops were recorded (table 
5). The yields of sugar beet were not especially high, perhaps because the ex- 
perimental field was at the northern limit of the beet-growing area, but they 
were not influenced by liming or by soil reaction. The “straight line” for stand- 
ard fertilization, as brought out in figure 1, was attained. 
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Humus Soils 

Experimental field Kn was on Br^agarde farm in the hills about 20 km. in- 
land from the west coast. The climate of the region is the wettest recorded 
among farming districts in Sweden, the annual precipitation often exceeding 
1,000 mm. The experimental field was on a peat soil brought under cultivation 
a few years earlier. The peat was composed for the most part of poorly humified 
Sphagnum sp. The amounts of readily soluble plant nutrients are recorded in 
table 6. 

TABLE 5 


Yields of sugar beet and average yearly yields in harvest units on experimental field Kiu 

On per>hectare basis 


LIMING 

pH 

1st yeas, 

1st-3si> yeass hasvest units* 

Degree 

Amount 

SUGAS BEET 

Number 

Difference 

0 

ksm, 

0 

5.7 

33,090 

4,540 


1/32 1 

936 

5.8 

33,090 

4,340 

-200 

1/16 

1 1,875 

5.9 

33,390 

: 4,370 

-170 

1/8 

3,760 

6.1 

31,250 

4,250 

-290 

1/4 

7,500 

6.4 

34,280 

4,470 

-70 

1/2 

15,000 

6.6 

31,910 

4,330 

-210 

1/1 

30,000 

6.8 

32,370 

4,500 

-40 


* One harvest unit is equal to feeding value of 1 kgna. barley grain. 


TABLE 6 

Amounts of readily soluble plant nutrients in the soil of experimental field Kn* 
In mgm. per kgm. air-dry soil 


SOIL LAYER 

pH 

Si 

P 

Ca 

K 

Na 

Mg' 1 

Mn 

Topsoil, 0-20 cm 

4.3 

47 

9.2 

2,060 

45 

154 

1,205 

22 

Subsoil, 20-40 cm 

4.3 

56 

15,8 

1,040 

65 

185 

284 

9 


* Topsoil: humus content 64.0 per cent, total nitrogen 0.977 per cent, lime-absorbing 
capacity 30.2 tons of slaked lime per hectare, volume weight 0.53. 


Standard fertilization for a 6-year rotation was computed at 45 tons farmyard 
manure (normal supply), 74 kgm, P, and 66 kgm. K per hectare. No N was 
necessary. 

The rotation was planned as follows: 1, winter rye; 2, hay; 3, hay; 4, hay; 
5, oats; 6, oats. Actually the following crops were harvested: 1, winter rye; 2,. 
none, because the crop was killed in the winter; 3, oats; 4, hay; 5, hay; 6, hay. 

The yields are recorded in table 7. The average yields are very high in view 
of the exceedingly poor type of soil. The hay crop of the second year is also 
extremely good, and more than 60 per cent of red clover in the hay at pH 4.3 
is significant. It is clear that suitable fertilization can make very poor soils 
highly productive, and red clover— commonly said to require an almost neutral 
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soil reaction-may grow luxuriantly in very acid soil, provided tlie nutritional 
standard is satisfactory. 

A special type of organogenic soils, gyttja, commonly contain large quantities 
of H2SO4 in dry regions. They are very acid, partly on account of the H2SO4, 
and are unproductive. The writer (5) found an acidity caused by mineral acids 
to be injurious to barley but not an acidity caused by ^^humic acids,"’ that is, 
aqueous extracts of poorly humified sphagnum peat. The gyttja soils were 
brought to maximum fertility by standard fertilization without liming in some 
cases, but not in others. For that reason, these soils are excluded from the pres- 
ent discussion. 


TABLE 7 

Yields of hay and average yearly yields in harvest units on experimental field 

On per-hectare basis 


LIMING 

pH 

5th yeax, hay 

IST- 6 TH YEAXS HAXVEST UNITS* 

Degree 

Amount 

Total amount 

Red clover 

Number 

Difference 

0 

kgm. 

0 

4.3 

kgm. 

13,950 

per cent 

62.5 

4,640 


1/32 

944 

4.4 

13,650 

62.6 

4,620 

-20 

1/16 

1,888 

4.6 

13,300 i 

66.2 

4,580 

-60 

1/8 

3,775 

5.0 

13,670 

64.5 

4,650 

+10 

1/4 

7,550 

5.4 

1 13,850 

60.0 

4,520 

-120 

1/2 

15,100 

5.8 

13,740 

65.0 

4,640 

0 

1/1 

30,200 

6.4 

i 13,270 

65.8 

4,520 

-120 


* One harvest unit is equal to feeding value of 1 kgm. barley grain. 


DISCUSSION 

Soil Reaction and Crop Production 

Some crop plants, for instance, wheat, barley, red clover, and sugar beet, are 
said to give optimum yields only in neutral or slightly alkaline soils. On the 
other hand, oats, rye, timothy grass, and potatoes, are reported to prefer acid 
soils (2). The results recorded in this paper make it clear that high yields of 
wheat, red clover, and sugar beet have been obtained at low pH values. In 
other cases it has been shown that oats, rye, and other presumably acid-loving 
plants have given maximum yields at high pH values. 

The dominant factors of plant production in this respect are the availability 
of plant nubrients in the soil and the ability of various plants to utilize the nu- 
trients, m other words, the feeding power of plants. The following explanation 
may be given: Plants reported to need a neutral soil have a low feeding power. 
They thrive only on soils comparatively rich in readily soluble plant nutrients. 
On the other hand, plants found to grow well on acid soils have a high feeding 
power. They are able to utilize the small quantities of readily soluble plant 
nutrients present in such soils. For both groups of plants, available nutrients 
and not soil reaction is the decisive factor. 

Golden barley, reported to thrive only at pH 7 to 8, and golden rain oats, 
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said to prefer pH 5 to 6 (2), were grown in pot cultures in an acid soil at pH 5.4 
and in a slightly alkaline soil at pH 7.6. Standard, complete, nitrate, and no 
fertilization formed the series included in the experiment. Barley gave good re- 
sults in acid soils only when suflS.cient amounts of nutrients were added. Oats 
grew better than barley in both soils. Barley often absorbed larger quantities of 
nutrients than oats in the fertilized series, but the reverse was true in the un- 
fertilized series. The results indicate that barley prefers neutral or slightly alka- 
line soils because of the greater supply of nutrients in such soils, whereas oats,, 
on account of their high feeding capacity, are able to grow in acid soils^ 
which are generally poor in readily available nutrients (8). 

In another investigation, farmers collected and handed in soil samples from 
fields of good, medium, and low yields of sugar beet. It was found that amounts- 
of readily soluble plant nutrients and not soil reaction was the dominant factor 
(16). In most cases it is unnecessary to lime arable soils to change the reaction. 
Albrecht (1) pointed out that liming should not be used in fighting soil acidity.. 

Neuiral 

poJnf 

Incneosing oc/cfify j Increosino olko/imfy^ 

O f 2 J 4 S 6 7 8 9 W tf f2 /4 

T I I I I L ... , ...i J ! ^ I ^ : : L 

A. Common pH scale 



B. Actual pH scale 

Fig. 2. Common pH Scale Compared with Actual pH Scale 

The common scale exaggerates the small variation in H-ion concentration between pH 
5 and 8. 

Wild plants seem to conform to the same rule. Sheep sorrel (Rumex acetosella} 
has been said to indicate lime deficiency, or an acid soil reaction, but it was* 
found to grow on all kinds of soil from very poor and acid raw humus to very rich 
neutral soils. In pot cultures, it gave equal yields between pH 4.9 and 7.3. 
The species was found to possess a high feeding capacity. It is able to grow 
well on soils poor in nutrients, but it grows still better on rich soils. The limiting 
factor for its occurrence was found to be the need for good illumination during: 
the seedling stage, which is of unusually long duration. Only in sparse vegeta- 
tion on poor soils are the seedlings normally able to survive. On rich soils sheep 
sorrel occurs only when other, fast-growing plants are held back by unfavorable' 
circumstances (11). 

Analyses of soil samples collected in various plant habitats on Mt. Kinnekulle 
indicate that amounts of readily soluble phosphorus are an influential factor in 
plant distribution. The following dominance was noted; at a low phosphorous 
content, spruce {Picea Abies); at a somewhat higher phosphorus content, birch 
(Betula verrucosa); whereas oak (Quercus rohur)^ ash (Fraxinus excelsior) lime 
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{Tilia cofdata)^ cherry (Pmnws sp.), and beech (Fagus syhatica) memed to 
thrive only on soils comparatively rich in phosphorus (16). 

Yields of crop plants and distribution of plants in nature thus seem to be in- 
fluenced by amounts of plant nutrients in the soil far more than by soil reaction. 

The absence of any influence of soil reaction upon crop yields — at least when 
standard fertilization is used — as demonstrated in tables 4, 5, and 7, may be ex- 
plained by the graphs in figure 2. The pH scale usually is illustrated as in figure 
2A, which greatly exaggerates the changes in H-ion concentration around pH 7. 
The pH scale is logarithmic and is very difficult to illustrate. But in figure 2B, 
a small portion is drawn. It shows that the increase in H-ion concentration is 
comparatively small between pH 8 and 5, the range which the author has found 
to exist in mineral soils studied. That such a small increase in acidity can be 
counteracted by suitable fertilization does not appear unreasonable. In humus 
soils an acid reaction of pH 4 may be encountered, but table 7 shows that even 
such an acid reaction is without influence upon crop yields when standard fer- 
tilization is used. 

Lime Content of Soils 

It is a common concept that acid soils are deficient in lime, but the analytical 
data make it clear that the Ca content is comparatively high even in such soils. 
The content of readily soluble Ca is seldom less than a hundred times that of 
readily soluble P and, generally, it is several hundred times greater. The uptake 
of Ca by plants is of about the same magnitude as that of P. Furthermore, Ca 
is usually added to a soil in farmyard manure and artificial fertilizers in greater 
quantities than the need of the crops (figure 5). It seems safe to assume, there- 
fore, that the Ca content is seldom, if ever, the limiting nutrient factor of crop 
production on acid soils. The question is, then, whether Ca plays any other im- 
portant role in the soil. 

It seems to be commonly accepted that a high Ca content is necessary in a 
clay soil to maintain proper structure. Consequently, liming is recommended on 
heavy soils. Keen (22) has emphasized, however, that large amounts of lime are 
needed for measurable reduction of the soil resistance against an implement. In 
the writer’s investigation no appreciable effect of liming upon soil structure 
could be noted. Tables 4 and 5 summarize the yields on clay soils, and in table 
4 at least we are dealing with a heavy clay. But liming, even in amounts never 
met with in normal farming, has had no influence on the yields. This must mean 
either that lime has had no influence on soil structure or that an improvement 
of soil structure has no influence on crop yields. The latter assumption is absurd. 
Hence, we must accept the fact that liming has exerted no measurable influence 
on soil structure under the conditions of the investigation. The fact that the 
soils are generally frozen during at least part of the winter may have been of 
decisive influence. 

At Lanna Experimental Station liming at a rate of 6,000 kgm. CaO per hectare 
on a medium clay has been found to increase the tendency to winterkilling of 
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wheat when there is no snow cover (15). The explanation ojEfered is that the 
limed soil will absorb more water in the uppermost layer— a structural change. 
The repeated freezing and thawing of the soil lift the plants until the roots snap. 

Action of Lime in Soil 

In many cases liming has been demonstrated to increase crop production. 
Thus, liming must, under some circumstances, enhance soil fertility. 

When liming on acid soils increases crop yields, the cause cannot primarily be 
the change in soil reaction, for tables 4, 5, and 6 show that the yields were un- 
affected by varying soil reaction. Liming must in some way influence the nutri- 
tional conditions of the soil. 

Action on organic matter. When lime is added to a soil it will start a more or 
less rapid decomposition of the organic matter. The ultimate result is an in- 
creased nitrate production, which is often noted in the appearance of cropSy 
especially of grain crops, in which lodging may occur (12). In many cases the 
quantity of nitrate available is the limiting factor of crop production; hence 
liming tends to increase the yields. Mattson (23) has found i^-humus formed by 
autoxidation on a heavily limed acid soil. 

Action on 'phosphates. Under conditions reported to represent or resemble those 
of acid soils, Gaarder (19) found phosphoric acid insoluble or nearly so under 
moderately acid conditions. A correlation was thus found to exist between low 
yields on acid soils and the insolubility of soil phosphates As the writer (7) has 
pointed out, however, high yields have in many cases been recorded on acid 
soils, especially on humus soils, and in those cases phosphorus must have been 
available. Presumably, humus makes soil phosphates available in acid soils. 
Later, Gaarder and Grahl-Nielsen (20) ascertained the influence of humus ex- 
tracts on the solubility of phosphates. They found the reaction between pH 2 
and 8 in presence of humus extracts to be without influence on the solubility 
of phosphates. By mixing phosphates with humus-forming material, especially 
farmyard manure, the writer (10, 12, 14) has been able to overcome the influence 
of soil reaction on the solubility of added phosphate fertilizers. The influence 
on the crop yields is demonstrated in tables 4, 5, and 7. 

Liming will affect the availability of soil phosphates in still another way. In 
pot experiments (7, 8) in which no phosphates were added it was found that the 
uptake of soil phosphorus by the plants was considerably increased when nitrates 
were given. A suitable supply of nitrates will increase the feeding capacity of the 
plants. Liming tends to increase the nitrate production in the soil and will in 
that way also increase the uptake of soil phosphorus. Mattson al. (25) found 
a relationship between inorganic P and /^-humus in a heavily limed acid soil. An 
increase in inorganic P is accompanied by a decrease in jS-humus. The obvious 
conclusion seems to be that the /S-humus displaces the phosphate ions and pushes 
them deeper into the profile. 

Action on potash. An increase of the Ca-ion concentration in a soil by liming 
must tend, through ion exchange, to increase the K-ion concentration in the soil 
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solution. Where available potash is the limiting factor of crop production, liming 
must tend to increase the yields, at least of the first crop. 

^Aclwn on minor elemmU. Matisoix et al. (24) have studied especially the effect 
of liming on the foms and availability of manganese. Eecently Troug (28) sum- 
marized our present knowledge in this field. Generally, liming up to neutrality 
has been found to diminish the availability of many of the minor elements. 

Liming tends to decompose soil organic matter and to increase the utilization 
of the supply of major nutrients in soil. Mattson et al. (26) believe that the 
organic matter is the chief source of P, as well of the N, made available when 
a soil is limed. Liming will thus act as a more or less short-lived stimulant. 




Fig. 3. Influence of Liming on Yields for 7 Successive Years 
Average yields, expressed as harvest units, from 13 experimental fields on mineral soils 
with pH values between 5.2 and 5.6, standard fertilized. 

Fig. 4. Correlation Between Readily Soluble Plant Nutrients and Soil Fertility 
A. Soil extraction by identical solutions. R. Extraction at identical H-ion concentration 
by writer’s method. 

Especially in German text books of the 18th century, liming is claimed to cause 
“prosperous parents but poor children,” a statement which Thaer (27) tried to 
oontradict. 

That liming acts as a stimulant of comparatively short duration is shown in 
figure 3. The graphs (12) indicate that the action of lime was greatest in the 
first year and gradually diminished. At the end of a rotation of 6 to 7 years' 
duration, the yields of a limed soil may drop considerably below those of an 
unlimed soil. 

Standard Fertilization 

Standard fertilization is intended to produce optimum nutritional conditions 
in the soil. In addition to the amounts of nutrients already existing in a soil, 
sufficient quantities of fertilizers and preferably also of farmyard manure are 
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added to make up the balance. The foundation of standard fertilization is the 
method of soil analysis outlined under ‘^Materials and Methods.” The soil ex- 
traction is always made at the same H-ion concentration, at pH 3 . 5 , which has 
been found to give reliable results. Figure 4 illustrates the general trend when 
soils are extracted with one solution identical for all soils and when the extrac- 
tion is made according to the writer’s method. Obviously, the latter method 
brings out the difference in fertility more distinctly than does the former, and 
plant experiments have corroborated this. 

The calculation of the need for fertilization must be based not only on the 
results of a dependable soil analysis but also on a study of the soil in situ. The 
person who proposes to calculate standard fertilization must himself collect the 
soil samples. It will then be possible to study all the factors, besides plant nu- 
trients in the soil, that make up the crop-producing power, in particular, and 



Fig. 5. Quantities op Plant Nutkibnts Added to Soil and Quantities Eecovebed in 

Crops Under Influence of Standard Fertilization and Different Degrees 

OF Liming 

to estimate the optimum yields when the nutritional conditions are made opti- 
mal by standard fertilization. 

Under optimum nutritional conditions in the soil, various crop plants contain 
somewhat constant percentages of plant nutrients. The need of nutrients, in 
kilograms per hectare, for the production of a certain yield can be computed 
with a satisfactory degree of accuracy. To what extent the innate soil nutrients 
can participate in the support of the crops to be grown must be judged from 
the results of the analysis and from the soil type. Finally, the fertilizers used 
must be chosen according to their suitability. For instance, on very acid humus 
soils, especially on gyttja soils containing H2SO4, phosphorus should be given 
as basic slag; all phosphate is mixed with farmyard manure or other humus- 
forming material ( 14 ). Sulfate of ammonia must be restricted to calcareous soils. 
Brenchley ( 18 ) has pointed out that use of (NH4)2S04 caused lime deficiency,, 
but where no (NH4)2S04 had been used, liming was found to be unnecessary or 
even harmful. On a visit to England during the summer of 1951 , the writer 
considered it obvious that prolonged use there of (NH4)2S04 has been harmful. 
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especially on light, poorly buffered soils. Incidentally, liming is held in high 
:'.esteem.^ ■ 

Figure 5 shows graphically the calculated necessary additions of nutrients 
to a soil and the quantities recovered in the crops during a 6~year rotation. 
The graphs represent the results obtained on experimental field Kgi. More P 
was added than was subsequently recovered in the crops. Utilization of the 
added P must, however, be considered very good. Much more K was found in 
the crops than was added to the soil. The K of the soil was utilized to a great 
extent. Even on unlimed plots, more Ca was added in farmyard manure and 
superphosphate than was taken up by the crops. 

Soil reaction and liming exerted virtually no influence on the utilization of 
the nutrients by the crops. Only in the case of P has liming increased the uptake 
to any measurable degree. Since very high yields were obtained on field Ksi, the 
nutritional conditions shown in figure 5 must have been favorable for the crop 
plants. Thus it appears possible to calculate a suitable fertilization on the basis 
of the soil analysis used. 

The calculation of standard fertilization is, at present, a combination of the 
art of judging various factors and the science of soil analysis. The results have 
been satisfactory, as demonstrated in tables 4, 5, and 7. If standard fertilization 
is to be commonly used, the art of judging the concurrent factors must be re- 
duced to a minimum by reliable analytical methods. This would require very 
comprehensive investigations. 

SUMMARY 

In more or less humid regions the soils become podzolized, which causes an 
acid reaction and a low content of readily soluble plant nutrients, especially of 
phosphorus. The content of readily soluble calcium was found to be a hundred 
or several hundred times higher than that of readily soluble phosphorus. It is a 
lack of plant nutrients and not an acid reaction that makes an acid soil unpro- 
ductive. The calcium content has never been found to be the limiting factor. 

Standard fertilization is intended to bring about optimum nutritional condi- 
tions in the soil. The amounts of nutrients needed for that purpose are computed 
on the basis of the results of a reliable soil analysis. Comparatively small amounts 
of fertilizers have been found necessary. 

When acid soils, mineral soils between pH 8.0 and 5.0, and humus soils down 
to pH 4.0 were standard fertilized, the yields were very high and were unaffected 
hy soil reaction. 

Liming of standard fertilized soils produced no profitable increase in yields, 
probably because standard fertilization alone had produced maximum 3 fielcls 
under prevailing conditions. 

Standard fertilization seems to induce lasting fertility in a soil, whereas liming 
produces a stimulation of shorter duration. The predominant action of lime in 
the soil seems to be an accelerated decomposition of organic matter, which will 
result in increased nitrate production. 

Standard fertilization has increased yields considerably on previously infertile 


194 


ALFBED ASLANDBR 


soils. For that reason it must be of considerable interest in areas where the 
supply of plant nutrients in the soil is the limiting factor of crop production. 
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RELATION OF COLLOIDAL HYDROUS OXIDES TO THE HIGH 
CATION-EXCHANGE CAPACITY OF SOME TROPICAL 
SOILS OF THE COOK ISLANDS 
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Received for publication October 9, 1951 

A number of lateritic soils collected by L. I. Grange and J. P. Fox during a 
soil survey of islands of the Lower Cook Group have high cation-exchange 
capacities. The organic carbon contents, particularly of the subsoils, are not 
enough to account for these high figures. 

High capacities of tropical soils have been noted by other workers including 
Tanada (7) and Kelley and Page (4), who have investigated Hawaiian soils. 
Tanada used exchange capacity as a factor in grouping his soils but did not 
draw any conclusions regarding the cause of high values. Kelley and Page re- 
ported that the cation-exchange properties of such soils were related to amorphous 
material. It is significant, however, that Kelley (5) in 1948 relegated amorphous 
material to a very minor role with the conclusion that ^ ^cation exchange in 
soils is not primarily due to amorphous substances. 

Preliminary x-ray examination of the soils of the Cook Group showed that 
crystalline gibbsite, boehmite, goethite, anatase, and in some cases kaolin 
were present. The amount of crystalline material indicated by x-ray diffraction 
seemed insufficient, however, to account for all of the inorganic matter. No 
crystalline clay minerals such as montmorillonite, vermiculite, or illite which 
could have caused high exchange capacities were present. 

Fusion analyses showed that these soils contained considerable amounts of 
alumina, iron oxide, and titanium oxide, and all had low silica contents. The 
small amounts of silica could be accounted for by the kaolin contents. 

The oxides of aluminum, iron, and titanium appeared to be the only possible 
sources of exchange capacity, and since crystalline forms of these oxides have 
low capacities it seemed that amorphous oxides should be considered. 

Differential thermal curves of the soils and clays had multiple endothermic 
peaks, some of which were due to the crystalline substances identified by x-rays. 
Other peaks, however, differed from those usually obtained from soils. The 
nature of the endothermic reactions causing the unusual peaks was consistent 
with the possibility that they were due to the loss of held water or hydroxyl 
from hydrous oxides. 

Colloidal hydrous oxides of aluminum, iron, and titanium prepared in the 

^ The writers thank Dr. L. I. Grange for suggestions and encouragement, F. T. Seelye 
of Dominion Laboratory, Department of Scientific and Industrial Research, for most of 
the silicate analyses, and K. I. Williamson of Dominion Physical Laboratory, for electron 
micrographs. Thanks are due also to A. Valk, J. A. Robertson, and G. G. Claridge, whose 
original routine analyses showed the high cation exchange of the soils. 
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laboratory had high capacities and were amorphous to x-rays. The capacities 
of the hydrous oxides of aluminum and titanium were so high that small amounts, 
if present, could have caused the high capacities observed in the soils. The differ- 
ential thermal curves of the artificial colloidal hydrous oxides of aluminum con- 
tained various endothermic peaks similar to the unusual peaks of the soils. 

This paper describes the properties of some of the soils and the artificial 
hydrous oxides. 

ANALYTICAL PROCEDURES 

Organic matter was destroyed by H 2 O 2 before separation of clay fractions. 
If it was necessary to remove free iron oxides, Jeffries’ procedure (3) was used. 
Soils were dispersed in aqueous NaOH of pH 10 by mechanical agitation. Clay 
of less than 2 /x equivalent diameter was separated with a bucket centrifuge. 

It was found that sand and silt fractions had considerable exchange capacities, 
and it is likely that, because of incompatibilities in the isoelectric points of the 
materials present, aggregates of undispersed clay were retained in these coarser 
fractions. Separated clays, however, were shown by thermal analysis to be 
similar in composition to the material of the sands and silts, and conclusions 
reached should not be affected by the possible failure to attain complete dis- 
persion. 

A method recently developed in this laboratory was used for determining 
cation-exchange capacities on small samples by leaching with neutral normal 
potassium acetate, washing with 95 per cent alcohol, leaching out the potassium 
retained by the sample with neutral normal ammonium acetate, and determining 
the potassium in the leachate by flame spectrophotometry. Capacities deter- 
mined by using potassium salts for the initial leaching have been shown by 
Golden et aL (2) to differ from those obtained with ammonium salts. Although 
very small samples were taken by the writers, cation-exchange values were 
reproducible to within 10 per cent. They agreed also to within this amount 
with the values obtained for larger samples by the more usual ammonium acetate 
method. 

Differential thermal curves from 50° to 1000°C. were obtained by use of a 
metal block and a heating rate of approximately 10°C. per minute. Temperature 
values on the curves were measurable to within 4°C. 

The x-ray examinations were made with a Philips Geiger x-ray spectrometer 
using an iron target tube. 

PROPERTIES OF SOILS 

Table 1 lists the properties of a number of soils of high cation-exchange capa- 
city. Organic carbon contents of the untreated soils were between 2 and 5 per 
cent. Cation-exchange capacities of all samples were only slightly lowered after 
H 2 O 2 treatment, showing that capacities due to organic matter were, in fact, 
very small. 

Differential thermal curves of organic-freed soils closely resembled the curves 
of their clay fractions. Even after the deferration treatment, the clays resembled 
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Properties of soils of Cook Islajid Group and their clay fractions 
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the soils in their high cation-exchange capacities and the distinctive endothermic 
peaks in their thermal curves. The materials causing high capacities in the soils 
were obviously still present in the clays. In the differential thermal curves the 



Fig. 1. Differential Thermal Curves of Clays 

IB. Clay fraction of soil from Atiu. 3B. Clay fraction of soil from Atiu. 8C. Deferrated 
clay fraction of soil from Atiu. 4B. Clay fraction of soil from Mangaia. 4C. Deferrated clay 
fraction of soil from Mangaia. 6C. Clay fraction of soil from Aitutald. 

clays showed up the distinctive endothermic peaks somewhat better than did 
the soils. The thermal curves of the clays are shown in figure 1. 

The curves include some peaks which can be identified as belonging to kaolin, 
gibbsite, and goethite. They contain also, in the range between 100® and 60d®C., 
a number of endothermic peaks that do not usually occur in the curves of soil 
minerals. 

Curves 3B, 3C, 4B, and 4C belong to the materials having silica^alumina ratios 
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near 1.0. They have endothermic peaks near llO^^C. and in the region 550'" to 
590^0. and exothermic peaks in the neighborhood of 900®C. These peaks are 
produced by a kaolin type mineral intermediate between kaolinite and halloysite. 
Peaks between 300° and 318'"C. are due to gibbsite. This mineral usually gives 
a marked endothermic peak at 330°C. The lower values for these samples may 
be due to differences in composition or to the lower amounts of gibbsite present, 
which would tend to make the peaks occur earlier. When present, kaolin and 
gibbsite show up clearly in the x-ray patterns. 

Endothermic peaks between 330'" and 350'"C. are due to goethite. Berkelhamer 
(1) and other writers have reported an endothermic between 330° and 335‘"C. 
for this mineraL X-ray patterns confirmed the presence of goethite in some of 
the soils. In the other soils which contained no iron oxide crystalline to x-rays, 
similar peaks may be due to goethite of very fine particle size. The effect of 
deferration is to remove the peak due to goethite, as may be seen by comparing 
curves 3B with 3C, and 4B with 4C. 

Besides the peaks attributed to kaolin, gibbsite, and goethite, the curves of 
all samples have unusual endothermics. Curve 3C, for instance, shows in addi- 
tion to the peaks of kaolin and gibbiste a series of endothermic peaks at 200, 
213, 442, 462, 487, and 522°C. Curve 6C is of particular interest. As the deferrated 
clay in this case consisted of approximately 80 per cent alumina, 15 per cent 
titanium oxide, and only 3 per cent silica, its peaks can be associated only with 
oxides of aluminum or titanium. This curve has, in addition to a peak at 316°C. 
due to gibbsite, a series of endothermic peaks at 175, 195, 342, 408, 470, and 
550°C. 

The soils and ferrated clays have phosphate contents up to 5 per cent. Ac- 
cording to Manly (6), the thermal curves of various mineral phosphates have 
endothermic peaks in the range 100'" to 600°C. There was no agreement, however, 
between the thermal curves obtained in this work and those of any of the four- 
teen phosphate minerals published by Manly. The possibility that phosphates 
cause the unusual peaks is eliminated, as the peaks are present in the curves of 
the deferrated clays (3C, 4C, and 6C of figure 1) where the phosphate content 
is less than 0.1 per cent as P 2 O 6 . 

Since known hydrous oxides of aluminum have endothermic peaks due to 
loss of lattice hydroxyl as far apart as 330°C. for gibbsite and 580'"C. for diaspore, 
it seemed possible that amorphous hydrous oxides of aluminum might exist which 
had similar endothermic reactions in thermal analysis. 

Electron micrographs of the deferrated clays showed that sample 6 contained 
apparently amorphous material of about 700 A. diameter. Sample 3 contained 
similar material and also some kaolin. 

It was decided to investigate the properties of artificial amorphous oxides to 
determine whether their x-ray, differential thermal, and base-exchange char- 
acteristics are related to those of the material in these soils. 

ARTIFICIAL HYDROITS OXIDES 

The cation-exchange capacities of several hydrous oxides are listed in table 2. 

Samples 7 and 8 were prepared by dissolving 1 gm. of aluminum powder in 
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250 ml. of normal aqueous NaOH solution. After cooling, hydrous aluminum 
oxide was precipitated by CO 2 rapidly bubbled through the solution for 5 hours. 

Sample 11 was prepared by dissolving 5 gm. of ferric ammonium sulfate in 
200 ml. of water at 15*^0. Hydrous ferric oxide was precipitated by adding excess 
of aqueous NH4OH. 

Sample 12 was prepared by making a saturated solution of potassium fluoti- 
tanate in water. Hydrous titanium oxide was precipitated by decomposing the 
salt with excess of aqueous NH4OH at a temperature near boiling. 

The preparations described and the determinations of capacity were repeated 
a number of times. The exchange capacities of the resultant hydrous oxides 
were reasonably reproducible. The hydrous oxides of iron were also precipitated 
at boiling point and boiled for various lengths of time up to 1 hour, since it was 

TABLE 2 


Cation-exchange capacities of hydrous oxides 


SAMPLE 

NO. 

HYDROUS OXEDE 

ORIGIN 

CATION- 

EXCHANGE 

CAPACITY 




me.fJOOgm, 

7 &8 

Colloidal hydrous aluminum ox- , 

Precipitated cold by CO 2 from 

350 


ide 

sodium aluminate 


9. I 

' Colloidal hydrous aluminum ox- 

Precipitated cold by ammonia 

0 


1 ide 

from aluminum nitrate 


10 

, Alumina ^ Trihydrate 

British Aluminum Co. 

0 

11 

Colloidal hydrous iron oxide 

Precipitated cold by ammonia 

25 



from ferric ammonium sulfate 


12 

Colloidal hydrous titanium ox- 

Precipitated at 100 ®C. by am- 

190 


ide 

monia from potassium titanium 




fluoride 


13 

Silica gel 

British Drug Houses 

34 


suggested in the literature that oxides of varying degree of hydration could be 
produced in this way. There was no significant variation in the exchange capacity 
of the different precipitates. 

The x-ray diffraction pattern of sample 10 corresponds with that of gibbsite. 
The other oxides were amorphous to x-rays. 

The differential thermal curves are shown in figure 2. The curves of the hydrous 
aluminum oxides, 7 to 10, resemble those of the clays in figure 1, in having 
endothermic peaks between 100*^ and 600^0. The curves of the other hydrous 
oxides are not like those of the clays. This strengthens the suggestion that the 
unidentified endothermic peaks in the curves of the clays were due to hydrous 
aluminum oxides. 

Evidence such as that published by Weiser and Milligan (8, pp. 227-237) and 
others has demonstrated that the degree of crystallinity of such hydrous oxides 
varies with the method of preparation. Even material amorphous to x-rays may 
be shown by electron diffraction to have varying degrees of crystallinity. Oxides 
of aluminum, iron, titanium, and silicon which were crystalline to x-rays, like 
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the gibbsite of hydrous oxide sample 10, had negligible capacity. Possibly sample 
9, which although amorphous to x-rays has low capacity, would show stnicture 
to electron diffraction. 



Fig. 2. Differential Thermal Curves of Artificial Hydrous Oxides 
7, 8, and 9. Hydrous aluminum oxides. 10. ‘'Alumina trihydrate.*' 11. Hydrous iron oxide. 
12. Hydrous titanium oxide. 13. Silica gel. 

Electron micrographs showed that sample 8 consisted mostly of amorphous 
material less than 200 A. in diameter. Sample 10 consisted of flakes about 1 /z 
in diameter. 

I; It may be suggested that the properties of precipitated gels change consider- 
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ably with age. The x-ray patterns and exchange capacities of the oxides listed 
in table 2 were not altered during the several weeks that this work was in progress. 

The evidence presented indicates that the unusual endothermics in the dif- 
ferential thermal curves of these soils are due to various hydrous aluminum 
oxides. Some of these oxides have low exchange capacities, whereas others have 
very high capacities. The latter high-capacity amorphous hydrous aluminum 
oxides are responsible for the high capacities of the soils described. 

Since the thermal curves of the soils and clays do not have the characteristic 
exothermic peaks at 435*^ or 465''C. due to rearrangement of the oxides of titanium 
and iron respectively, these oxides are not present and do not contribute to the 
capacities. 

Although amorphous silica is not thought to be a contributing factor in the 
capacity of the soils, it is not definitely eliminated in the soils of higher silica 
content. Its thermal curve and exchange capacity figure are therefore included. 

DISCUSSION 

Cation-exchange capacity was attributed by early workers to colloidal oxides. 
The comparatively recent demonstration by x-ray diffraction that crystalline 
aluminosilicate clay minerals of high exchange capacity exist caused the earlier 
view to be largely abandoned. Although recent work generally accepts the pos- 
sibility that amorphous clays occur in soils, there is little information regarding 
their nature, extent, or properties. 

Some soil colloids from Hawaiian soils described by Kelley and Page (4) 
were reported to have high exchange capacity, contain no montmorillonite, and 
show only weak x-ray lines. These writers established that ^ ^amorphous appearing 
materiaP’ was present. They mentioned specifically amorphous iron oxide, silica, 
and precipitated permutite-like substances. It is possibly to the latter that they 
attributed the cause of high capacity. Since permutites have very high silica- 
alumina ratios, they could not be important in the soils of low silica content 
described in this paper. 

Allophane, which is also amorphous to x-rays and has a low silica-alumina 
ratio, is not a constituent of these soils, as its characteristic peaks are absent 
from their thermal curves. 

SUMMARY AND CONCLUSION 

The evidence of x-ray diffraction, differential thermal analysis, exchange 
capacity estimations, and chemical analysis suggests that the cation-exchange 
capacity of some soils of the Lower Cook Islands Group is due mainly to amor- 
phous colloidal hydrous oxide. 

Artificially prepared amorphous hydrous oxides of aluminum and titanium 
can have very high cation-exchange capacities. The corresponding oxides of 
iron and silica have much lower though still considerable capacities. All of the 
artificial hydrous oxides have distinctive differential thermal curves. 

The thermal curves of the soils, clays, and artificial hydrous aluminum oxides 
contain multiple endothermic peaks between 100"^ and 600'"C., but they differ 
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from the curves of hydrous oxides of iron, titanium, and silicon. This suggests 
that the principal exchange material in these soils is amorphous hydrous alu- 
minum oxide. 
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The proper handling of trash in sugar cane fields is of great importance to 
Puerto Rican growers because of its direct bearing on the cost of production, 
yield of cane, and such varied aspects of the physical and chemical properties 
of the soil as erosion, infiltration, organic matter content, and structure. The 
handling of trash is an essential part of the agronomic practices of growing 
sugar cane. Proper management can mean greater profits to the sugar cane 
grower, not only through savings in labor costs but also through increases in 
yields. 

Sugar cane trash is the material left on the surface of the ground after har- 
vest. It consists of all the leaves and the upper immature part of the stalk. 
Hardy and Evans (5) estimated that a ton of trash was produced for every 4 
tons of green-millable cane. In 1949, when 10,998,026 tons of cane were milled 
in Puerto Rico with an average acre-yield of 31.2 tons (8), this meant the dis- 
posal of almost 8 tons of dry sugar cane trash containing 93 pounds of combined 
nitrogen per acre (9). If handled properly, this trash becomes an asset; if mis- 
used, it can become a liability to the sugar cane grower. 

Utilization of the trash presents practical dfficulties. Many sugar cane plant- 
ers in Puerto Rico, Hawaii, and Louisiana simply burn it. The trash is very 
bulky and is difficult to plow under for a new crop or to manage in the cultivation 
of the ratoon crop. If it is buried or plowed under deeply, decomposition may 
be too slow, and the effective use of soil nitrogen is hindered. Should the trash 
remain undecomposed, it may serve to protect the dormant stage of insects 
injurious to the cane, and under conditions of excessive moisture and low tem- 
perature, its presence may increase the infection of the cane by facultative para- 
sitic soil fungi. 

Bonnet compared the effect of leavingthe trash as a mulch and of burn- 
ing it for four crops of sugar cane (1944-1948) grown in a lateritic soil with a 
40 per cent slope. No significant differences in yields were found between treat- 
ments. Highly significant differences, however, were found in soil losses, the 
unmulched plots losing about 11 times more soil than the mulched ones (3). 

Bonazzi (1), Bonnet (2), and Sturgis (10) reported that incorporation of 
sugar cane trash in the soil increased the total soil nitrogen as it decomposed. 
They also found that addition of inorganic nitrogen to the trash in the soil 
hastened its decomposition. 

PROCEDURES 

To determine the effects of different methods of handling the trash on yields 
of sugar cane, experiments were undertaken at Rio Piedras on Vega Alta silty 
clay in 1945. 
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The procedure for the handling of the trash for each treatment were as foUows: 

Trash burned: The trash was spread evenly through Ihe plot and then burned. ^ 

Trash buried: A furrow was made about 1 foot deep between rows ; the trash was placed 

in the furrow and covered with soil. 

TrasA o%ned: The trash was aligned in alternate banks or rows. 

The treatments were repeated every year after each harvest. The experment 
consisted of a simple randomized block in which each treatment was rephcated 
20 times on plots 150 feet long by 20 feet wide, with the cane row-s 4 feet apart. 
The variety of cane used was P.O.J. 2878. The field as a whole received an 

application of 1,200 pounds of a 15-3-10 fertilizer every year. 

On April 2, 1951, a soil profile was taken with a KeUey soil sampling machme 
(6) to a depth of 72 inches in the middle of the experimental field. It revealed 
a very dark grayish brown (10 YR 4/2) surface about 11 inches deep with a 
moderately developed angular structure. The 12-29-mch l^er was yellowish 
red (5 YR 5/8) with considerable red mottling and a moderately developed 
subangular structure. The 30-72-inch layer was a yellowish brown (10 YR 5/8) 

silty clay loam with red and gray mottling. , ^ u i * 

Infiltration tests were run in the field, and samples were taken from each plot 
for laboratory analysis. Bulk composite samples were taken from the topmost 
6 to 8 inches of the soil. Each composite consisted of 10 samples. Undisturbed 
cores 3 inches in diameter and 3 inches in length, were also taken at two depths, 
0-3 and 3-6 inches, with a Bradfield soil sampler. To determine the mffltration 
rate the buffer-compartment method, as outlined by Nelson and Muckenhim, 
was ’used (7). Iron rings, 9, 18, and 27 inches in diameter, were jacked mto the 
soil A }4-inch head of water was maintained within the center nng by means 
of a self-dispensing calibrated 2,000-ml. burette. The same hydraulic head was 
maintained in the outer compartments to minimize lateral movement of water 
from the inner ring, where measurements were taken hourly. The tests were 
run for 8 consecutive hours. 

Permeability measurements were made m undisturbed soil cores by recordmg 
the rate at which water moved through a column of saturated soil at a 
head. In the measurement, special equipment was used as described by Smith, 
Furhiman, and Silva.^ Quick drainage was determined by placing the saturated 
core in a Buchner funnel, setting up a 60-em. tension, and measurmg the watCT 
drained out at the end of 15 minutes. The water reinoved and retamed at ph 
1.78 was measured by bringing the soil core to equilibrium with a 60-cm. ten- 
sion and determining the variation in weight of the core. The maximum satura- 
tion was calculated from these data. , j i. j 

The soil core was finally dried in the oven at 110°C. As the sampler used had 
a definite known volume, the bulk density was calculated by dividing the net 
dry weight of soil by its volume. The pore space was then calculated by assum- 
ing a specific gravity of 2.65. As used in this paper, the air porosity is the dif- 

^ Simple procedures for studying cores collected with the Kelley (Utah) sampling ma- 
cMne. BPI-SCS Cooperative Research Project Report 181 (mimeo). 
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ference between the theoretical pore space and the volume of water retained 
atpF 1.78. 

The pH was determined electrometrically by means of a Macbeth pH-meter. 
Total nitrogen was determined by the standard Kjeldahl method, and organic 
matter by the simple colorimetric Schollenberger technique. The carbon-nitro- 
gen ratio was subsequently calculated from the data. 

RESULTS AND DISCUSSION 

Yield Data 

The yields for a plant cane and six ratoon crops are presented in table 1. 
The results from the plant cane were utilized as a uniformity test of the field, 
because the various treatments were not applied until after the plant cane was 
harvested. There were no significant differences between treatments or plots, 

TABLE 1 

Mean yields of available 96° sugar of a plant cane and 6 ratoon crops at Rio Piedras 


MEAN AVAILABLE 96® SUGAE PEE ACHE 


TEEATMENXS 

Plant 

cane 

First 

ratoon 

Second 

ratoon 

Third 

ratoon 

Fourth 

ratoon 

Fifth 

ratoon 

Sixth 

ratoon 

Mean yield 
of 6 ratoon 
crops 


cwt. 

cwt. 

cwt, i 

cwt. 

cwt. 

cwt. 

cwt. 

cwt. 

Trash burned. . . 

55 ■■ 

106 i 

127 i 

109 

107 

114 

91 

109 

Trash buried . . . 

54 

107 

125 

108 

109 

115 

96 

110 

Trash aligned . . 

54 

106 

127 

105 

105 

122 ! 

99 

111 

L,S.D. at 1% 









level 

5.4 

8.0 

11.1 

9.2 

8.6 

1 8.6 

7.3 

6.1 

L.S.D. at 5% 

level 

4.0 

6.0 

8.3 

6.9 

6.4 

6.5 

i 5.4 

4.6 



indicating that the experimental site selected had no appreciable differences 
in fertility that might tend to obscure the results of the various treatments. 
This uniformity in fertility was of importance, in that the differences obtained 
by subsequent treatments could be attributed to the effect of the treatment 
rather than to soil variations. 

No significant differences in the yield of available 96° sugar in hundred- 
weights per acre were obtained for the first four ratoon crops. Significant dif- 
ferences in yields were obtained in the fifth and sixth ratoons. In the fifth ratoon 
the yield for the aligned-trash treatment was significantly higher at the 5 per 
cent level than for the burned- and buried-trash treatments. For the sixth 
ratoon, the difference between the aligned-trash and the burned- trash increased 
to significance at the 1 per cent level. There was no significant difference be- 
tween yields for the burned- and buried-trash treatments. 

Special attention should be given to the results of the fifth and sixth ratoons 
of this experiment. After 5 years of continuous cultivation, the influence of the 
treatments begin to produce significant differences in yields. In the first few 
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years these differences were not appreciable, as judged by yield data, and this 
tended to give a false picture. With increases in time of cultivation, these dif- 
ferences accumulated and appeared as effects on yields. Some of the changes in 
soil properties caused by treatments which influenced the yields are discussed 
under soil data. 

It is easy to burn sugar cane trash. The decreases in yields caused thereby 
are slow and difficult to measure. The burning does, however, lower yields 
when practiced over a long period. The grower must come to realize that, when 
the flames start to consume the trash in his fields, they may also be destroying 
the ability of his soil to produce higher sugar yields. In the experiments de- 
scribed here the burning of the trash represented a loss of 8 hundredweight of 
sugar per acre per year in the last two ratoon crops, as compared with yields 
from the aligned-trash treatment. 

The burned- and buried-trash treatments were followed more rapidly by 
growth of weeds than the aligned-trash treatment. This means the cultivation 
costs will be higher in the burned- and buried-trash plots than in aligned-trash 
plots. 

The burying or burning of the trash produced no increase in yields, and 
over a period of years gave lower yields than the normal practice of aligning 
trash. Burying the trash is not cheaper than aligning it. Burning is cheaper 
than aligning or burying, but continued burning lowers yields, increases soil 
erosion, and results in higher weeding costs. 

Soil Data 

The chemical analyses of the soils taken from the Rio Piedras trash-handling 
experimental field are shown in table 2. The general pH values fluctuated be- 
tween 4.5 and 6.2 with a mean value of pH 5.0 for all treatments combined. 
There were no significant differences between the means of the treatments. 

There was no significant difference between the mean nitrogen contents 
whether the trash was burned, buried, or aligned. Apparently, the addition of 
180 pounds of nitrogen per acre per year in the fertilizer application was suffi- 
cient for all crop and soil needs, and there was no nitrogen accumulation in the 
trash plots by fixation. The influence of the trash on soil nitrogen might have 
been felt more if such heavy additions of nitrogen fertilizer were not made to 
the sugar cane. 

There were highly significant differences in the organic matter content be- 
tween the means of the treatments. The plots on which the trash was either 
buried or aligned had a much higher organic matter level than did those on 
which the trash was burned. After 6 years of establishing the treatment dif- 
ferentials, the accumulated differences were clearly marked. 

Difficulties were encountered in sampling for nitrogen and organic matter 
determinations in the three treatments. Although all surface trash was removed 
before sampling, the 10 samples taken within the plot showed variation. These 
differences w^'ere responsible for a high standard error. But, despite variations 
of the soil within the individual treatments, there was significant difference 
in organic matter content of the soil attributable to the treatments used. 
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The plots where the trash was aligned or buried had received not less than 8 
tons of trash to the acre after each harvest, which amounts to 48 tons during 
the cycle of one plant crop and five ratoons. Accumulation of organic matter 
in the soil is a slow process. Assuming the weight of the acre-furrow slice to be 
2 million pounds, the organic residues added during the crop cycle should 
amount to 4,8 per cent. It must be remembered, however, that a large propor- 
tion of the organic matter added is decomposed by the microorganisms of the 
soil and releases essential nutrients for plant growth. Furthermore, the sugar 
cane trash has a wide C/N ratio of about 40:1 (2). By the time the residues 
become an integral part of the soil, the ratio is usually narrowed down to 10:1. 
Thus the 48 tons of organic material become 12 tons of organic matter with 
a 0/N ratio of 10:1, equivalent to 1.2 per cent of organic matter in the plowed 
layer. This decomposition of the trash is rapid under the climatic conditions 
of the tropics. In spite of the apparently large applications of plant residues 
to the plots where the trash was buried and aligned as compared to those where 

TABLE 2 


Mean pH, nitrogen, organic matter, and C/N ratio of soil from the sugar cane trash-handling 

experimental field at Rio Piedras 


TREATMENTS 

pH 

NITROGEN 

ORGANIC MATTER 

C/N RATIO 



per cent 

per cent 


Trash burned 

5.1 

0.145 

1.43 

5.7 

Trash buried i 

4.9 

0.149 

1.83 

7.8 

Trash aligned 

5.0 

0.144 

1.70 

7.0 

L.S.D. at 5% level 

0.18 

0.018 

0.22 

1.7 

L.S.D. at 1% level 

0.24 

0.024 

0.30 

2.3 


the trash was burned, the increases in organic matter content observed in the 
former over the latter two were of the magnitude of only 0.4 and 0.3 per cent, 
respectively. There were no significant differences between the buried- and 
aligned-trash treatments. 

The difference in C/N ratio between the buried- and the burned-trash treat- 
ments was significant. In general, the ratio was narrower in the plots where 
the trash was burned. In the other plots, which received large amounts of 
carbonaceous plant material for 6 consecutive years, the ratio was a little wider. 
All these ratios considered together, however, were less than 10:1, which indi- 
cates that the trash had decomposed quickly. No wide C/N ratios indicative 
of slow decomposition were observed. The yearly application of fertilizer en- 
sures an adequate supply of nitrogen for both microorganisms and plants during 
the early critical stages of crop growth. 

Table 3 gives the mean infiltration rate of the soil as determined for each 8 
hours on plots where the sugar cane trash had been handled differently for 
the last 6 years. 

In general, the infiltration rate was slower in the plots where the trash was 
burned than in those where it was either buried or aligned. The buried-trash 
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plots, which were disturbed mechanically every year in making a furrow be- 
tween cane rows, gave the highest rate of infiltration. This high rate of infiltra- 
tion is especially beneficial in Puerto Rico where heavy rainfalls of short dura- 
tion are not uncommon. Soils with the lower infiltration rate cannot absorb 
as much water, and most of the rain is lost as runoff. The possibility of obtaining 
significant differences in filtration rates with larger accumulations of organic 
matter in the soil remains to be confirmed in the future. 


« 






''MP' 

fl; 


TABLES 

Water rate of eoiU where sugar cane trash was burned^ buried^ or aligned for 6 

consecutive years 


mriLTRATIONr KATE after indicated TDfE 



1 hour 

2 hours 

3 hours 

4 hours 

5 hours 

6 hours 

7 hours I 

8 hours 

Trash burned 

Trash buried 

Trash aligned 

inches 

7.54 

14.77 

9.93 

inches 

2.76 

7.06 

4.36 

inches \ 

2.00 

4.04 

3.10 

inches 
1.76 j 

3.56 

3.05 

inches 

1.98 

3.18 

2.78 

inches 

1.55 

2.50 

2.47 

inches 

1.35 

2.96 

2.34 

inches 

1.40 

2.38 

2.00 

L.S.D. at 5% level 







i 

3.11 


TABLE 4 

Permeability and other soil-moisture data gathered from soil cores collected from the sugar 
cane trash-handling experimetital field at Rio Piedras 


TREATMENT 

SAMPLING 

DEPTH 

PERME- 
ABILITY 
PER HOUR 

WATER DRAINED 
AT 60 CM. IN 

IS MINUTES 

MAXIMUM 

SATURATION 

WATER 
REMOVED 
AT pF 1.78 

WATER 

RETAINED 

AT pF 1.78 


inches 

inches 

per cent 

per cent 

per cent 

per cent 

Trash burned 

0-3 

0.51 

2.65 

50.92 

5.42 

44.97 


4~7 

1.60 

0.77 

51.80 1 

2.30 

49.40 

Trash buried 

0-*3 

0.44 

1.38 

49.90 

3.58 

46,15 


4-7 

4.00 

1.15 

50.47 

2.65 

47.80 

Trash aligned 

0-3 

0.80 

2.25 

54.70 

4.70 

50.00 


4-7 

6.67 

0.98 

52.42 

2.68 

49.70 

L.S.D. at 5% 
level 

. 0-3 

0.53 

1.51 

3.42 

2.01 

4.39 


4-7 

9.39 

0.48 

1.72 

1.12 

1.67 


In addition to the infiltration rates determined under field conditions, a num- 
ber of undisturbed soil cores were taken for soil-moisture studies under labo- 
ratory conditions. The results are reported in table 4. 

In general, there were no outstanding significant differences in the moisture 
characteristics of the soils representing the various trash-handling treatments. 
Some trends, however, should be pointed out. Perhaps they will become signifi- 
cant with the larger differences in organic matter levels to be expected in coming 
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years as a result of the various methods of handling trash. The movement of 
water as indicated by permeability measurements seems to be slower in the 
burned-trash plots than in the others. The plots where the trash was aligned 
in alternate rows seem to have a higher moisture content at maximum saturation 
than those otherwise treated. More water was removed from soil cores that 
reached equilibrium with a 60-cm. tension when they came from the plots 
where the trash was burned than from cores coming from plots where it was 
either buried or aligned. 

The last column of table 4 indicates that the upper layer of soil in the trash- 
aligned plots may retain more water at low tensions than that of the plots 
treated dilferently. The trash-burned plots retained the least volume of water 
at pF 1.78. In all probability this water is readily available, the plants being 
able to remove it quickly, until tensions reach the vicinity of the permanent 


TABLE 5 

Bulk density, 'pore space, and air capacity of soils from the sugar cane trash-handling 
experimental field at Rio Piedras 


TREATMENT 

SAMPLING DEPTH 

BULK DENSITY 

PORE SPACE 

AIR POROSITY 

1 (pore SPACE-WATER 
RETAINED AT pF 1.7S) 

j 

inches 


j per cent 

per cent 

Trash burned ! 

0-3 

1.26 

; 52.45 

7.48 


4-7 

1.28 

1 51.47 

1 2.07 

Trash buried 

0-3 

1.26 

52.25 

6.10 

1 

4-7 

1.28 

51.68 

3.88 

Trash aligned 

0-3 

1.19 

55.12 

5.12 


4-7 

1 1.26 

52.63 

2.93 

L.S.D. at 5% level 

0-3 

4-7 

0.097 

0.048 

3.98 

2.10 

— 


wilting percentage (pF 4.2). Although the soil differences are not significant, 
there is an indication that over a period of years trash-burning is a detrimental 
practice so far as total water retention is concerned; perhaps the total available 
water is also reduced. This may have a bearing upon cane and sugar 3 delds. 
The trash-aligned treatment had been reported previously to produce signifi- 
cantly higher sugar yields than either of the other two treatments, at least 
in the fifth and sixth ratoon crops. No significant differences were observed in 
the previous four crops in the cycle. The accumulation of organic matter in 
the soil with the consequent, although slow, change in the physical character 
of the soil, may serve to explain yield differences. 

Table 5 presents data on bulk density, total porosity, and air porosity of soils 
taken from the variously treated plots at the trash-handling experimental field. 
The general bulk-density values ranged from 1.01 to 1.31 gm. per milliliter for 
the combined treatments, with mean values of 1.26 gm. for both the burned- 
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and buried-trash treatments and 1.19 for the aligned-trash treatment. The 
mean porosity value for all plots was 52.54 per cent by volume, with deviations 
of only 2.54 per cent above or below it. The air porosity was higher for the 
burned-trash plots and was progressively reduced through the buried- to the 
trash-aligned plots. The air porosity was in inverse relationship to the water 
porosity (water retained at pF 1.78), the total pore space being of more or less 
constant magnitude. The incorporation of large quantities of organic residues 
in a continuous, steady way for a number of years probably induces a better 
state of aggregation and consequently the formation of a large proportion of 
microaggregates capable of holding a great deal of water at relatively low ten- 
sions. This fact has been substantiated by Browning and Milan (4) and others 
who found a significant increase in aggregation with each unit increase in or- 
ganic matter. 

There are changes in soil structure attributable to the method of handling 
the sugar cane trash. These changes make themselves felt by their influence 
on yields of sugar cane. Despite the high annual fertilizer applications, the 
original high productivity of the sugar cane in the trash-burned treatment is 
not maintained after the fifth ratoon, and yields begin to decline significantly. 
If high productivity is to be maintained in sugar cane fields over a period of 
years, the physical conditions of the soil as influenced by trash handling must 
be taken into consideration. 

SUMMARY 

Experiments on handling sugar cane trash were set up at Rio Piedras to de- 
termine the effect on cane yields and soil properties. 

The treatments conducted on a plant cane and six ratoons consisted of bury- 
ing the trash, burning the trash, and aligning it in alternate rows. 

There was no difference in sugar cane yields that could be attributed to any 
of the treatments until the fifth and sixth ratoon. Here highly significant dif- 
ferences in yields were obtained from aligning trash as compared with burning 
or burying it. 

Field observations indicated that weeding costs were greater with the burned- 
and buried-trash practices than when the trash was aligned. 

After the sixth ratoon crop was harvested, infiltration tests were run in the 
field, and bulk and core samples were taken for laboratory analysis. No signifi- 
cant differences were observed between the mean pH and the total nitrogen 
values for the various treatments. The mean organic matter content of the 
trash-burned plots was significantly lower (at the 1 per cent level) than that 
of the buried- and aligned-trash plots. The C/N ratio was narrow in all cases, 
but lower for the burned-trash treatment. 

Differences between the mean infiltration rates at the eighth-hour run for 
the burned-, aligned-, and buried-trash treatments were not significant. No 
significant differences were observed between the means of the various physical 
measurements; namely, permeability, quick drainage, maximum saturation, 
water removed, and water retained at pF 1.78, bulk density, total porosity, 
and air porosity. 
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Some treads observed may become significant with continuous accumulation 
of organic matter in the buried- and aligned-trash treatments. Permeability, 
for instance, appeared to be slower in the burned-trash plots. The upper layer 
of the trash-aligned plots seemed to retain more water at low tension than did 
that of the plots treated otherwise. 
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USE OF MEAN SOIL MOISTURE TENSION TO EVALUATE THE 
EFFECT OF SOIL MOISTURE ON CROP YIELDS 
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This paper is a report of the first season’s application of a new technique for 
measuring mean integrated soil moisture tension (6). The technique has been 
used for the dual purpose of giving a criterion for irrigation and of measuring 
the effect of soil moisture on crop yields. 

Soil moisture tension was measured by use of tensiometers to indicate tensions 
up to 0.7 atmosphere and calibrated plaster blocks to indicate higher tension. 

EXPERIMENTAL APPLICATION 

Plaster blocks were calibrated in terms of moisture tension by placing some 
of the blocks in a pressure membrane apparatus (4), covering them with a thin 
layer of soil, and bringing the leads out through spark plugs placed in the walls 
of the pressure membrane apparatus. The calibration curve attained in this 
manner is given in figure 1. This calibration was used as a basis for making a 
new dial for the resistance bridge in order to take readings directly in moisture 
tension in the field. Other moisture-measuring devices using both conductivity 
bridge and the ohmeter described by Coleman and Hendrix (2) have subse- 
quently been calibrated with good success. Some of the difficulties experienced 
in this type of calibration are discussed by Haise and Kelley (3) and by Tanner, 
Abrams, and Zubriski (5). Soil was placed in the pressure membrane unit to 
establish better contact between blocks and membrane and to make the envi- 
ronment outside the block similar to field conditions, thus compensating in part 
for the lines of electrical force that extend outside the block and into the soil. 
Since these lines of force are present in the field installation, to eliminate them 
in the calibration would introduce errors. 

Both in the field and in the laboratory, the blocks increased in resistance at 
the same moisture tension in the soil when they were successively allowed to 
wet and dry in normal use. It is believed that this change in calibration results 
from recrystallization of gypsum in the plaster blocks with successive wettings 
and dryings, which results in a change of pore size distribution in the blocks. 
This problem is being studied to find a means of correcting the drift. For this 
study, however, changes were made in the calibration at frequent intervals to 
correct for the drift. It is possible that the more costly nylon blocks of Bouyou- 
cos and Mick (1) or the fiberglass blocks of Coleman (2) or some other type 
block will eliminate this difficulty. 

^ Research reported herein is supported by Regional Research project W-9 with eleven 
western states; Soil Conservation Service (Research); Bureau of Plant Industry, Soils, 
and Agricultural Engineering; Utah Idaho Sugar Company; and Amalgamated Sugar Co. 
cooperating. 
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In an experiment with crops in a rotation involving both fertilizer and mois- 
ture variables, gypsum blocks were placed in the highest fertility plot in each 


TENSION • ATMOSPHERES 


Fig. 1. Calibration of Soil Moisture Blocks in Terms of Soil Moisture Tension 

moisture treatment at the time of seeding the crop in all cases. The number of 
blocks and distribution with depth for the various crops were as follows: 


DEPTH OP PXACING BLOCKS 

(inches) 


NO. OP BLOCKS 
PEK PLOT 


Potatoes 3, 6, 12, 18, 24 5 

Sugar beets. 3, 6, 12, 18, 24, 30, 36, 42, 48 9 

Barley and 1st year alfalfa. 6, 12, 18, 24, 30, 36, 48, 60 8 

2nd year alfalfa. . 6, 12, 18, 24, 30, 36, 48, 60 8 

Readings were taken of the moisture tension on each block at periodic inter- 
vals, All blocks placed in the soil of any one crop were read the same day. The 
average interval between successive readings on any one block was 4 days. 

Soil moisture tensiometers of the manometer type were placed in all plots 
that were maintained at low and medium low tensions. The instruments were 
placed at 6-inch and 12-inch depths in the near vicinity of the gypsum blocks 
in the same plots. Readings were made daily except Sundays and holidays 
beginning at 8:00 a.m. 

Because of the low precision of the gypsum blocks at low moisture tensions 
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(fig. 1) tensiometer data were nsed wherever possible in this range. The blocks 
were installed only as a precaution. In the field, tensiometers at field capacity 
indicated moisture tension of 0.10-0.12 atmospheres, which is about 0.3 to 0.4 
atmosphere less than indicated by blocks. To compare data from both blocks 
and tensiometers, the value 0.4 has been subtracted from all block readings. 

The soil used was Millville loam having an osmotic pressure of the saturation 
extract between 0.13 and 0.29 atmospheres, depending on depth of measure- 
ment. No attempt has been made in this study to combine this small osmotic 
effect with soil moisture tension to obtain the integrated soil moisture stress. 

The method described for calculating the mean integrated soil moisture ten- 
sion is the approximate mean weighted soil moisture tension previously re- 
ported (6). 

PUNCH CARD ANALYSIS 

Each reading of moisture tension from both blocks and tensiometers was 
recorded on an I.B.M. card. The cards were taken daily to the tabulating room, 
where the data were punched into the cards and analyzed. 

The daily analysis consisted of a tabulation and listing of the observed ten- 
sion of each block in each plot. The observed tensions were then totaled with 
respect to depth for each plot, thus completing the summation with respect to 
depth (6). An example of such a tabulation is given in table 1. 

By observing the depth to which water was being withdrawn from a plot it 
was possible to estimate the depth of rooting of the plant. For example, on both 
plots 114 and 445, moisture was being withdrawn to a depth of 48 inches as 
shown by high tensions to that depth. Plots 233 and 344 had been watered re- 
cently; consequently, they did not show this characteristic. The data in table 1 
also shows that plot 114 had received insufficient water at its last irrigation, 
as indicated by higher moisture tension from 24 to 42 inches than for 0 to 24 
inches. The total of each plot indicates the relative dryness of the plot, the 
higher numbers indicating high tension which occurs in dry plots. 

Daily readings from two tensiometers per plot in the low and medium-low 
tension plots were similarly summarized but, because of the low tension main- 
tained, could not be used to calculate depth of rooting of plants. 

Criterion for Irrigation 

Plots were irrigated when the daily total reached a figure determined by the 
crop, the time of year, and the moisture level of the particular plot. The level 
of moisture established before the crops were planted was to irrigate all crops 
when the average moisture tension in the root zone approached permanent 
wilting, which was about 7.8 atmospheres as measured in the field in moisture 
level 1 ; when two-thirds the available moisture had been used, or 4 atmospheres 
tension had been reached in moisture level 2; when one-third available moisture 
had been used, or 0.6 atmosphere had been reached in moisture level 3; and 
when the soil dried to 0.2 atmosphere tension in moisture level 4. 

The relative depth of the root zone was determined from the daily report, as 
previously explained, and was different for each crop at different times of the 
season. As the depth to which crops were removing water from the soil was 
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TABLE 1 

Daily report of moisture tension on high-tension sprinkled plots of sugar beets on 
September 18, WSO, as shown by plaster blocks 


caop 

MOISTUBE 

TKEATMENT 

PLOT NO. 

DEPTH OP HEADING 

NTIMBEROP 

BLOCKS 

MOISTURE TENSION 




in. 


0,1 aim. 

SB 

IS 

114 

03 


34 




06 


31 




12 


23 




18 


30 




24 


50 




30 


54 




36 


■52 




42 


50 




48 


32 




Total 

9 

366 


IS 

233 

03 


37 




06 


43 




12 


31 




IS 


25 




24 


20 




30 


19 




36 


15 




42 


16 




48 


15 




Total 

9 

221 


IS 

344 

03 


16 




06 


18 




12 


20 




18 


13 




24 


13 




30 


14 




36 


12 




42 


13 




48 


15 




Total 

9 

134 


IS 

445 

03 


35 




06 


62 




12 


55 




IS 


63 




24 


61 




30 


63 




36 


55 




42 


62 




48 


■ 52:, 




Total 

9 

508 




Grand Total 

36 

1,219 


known, the number of blocks involved was determined and the tension attained 
at the moisture level desired was multiplied by the number of blocks in the 
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wetting zone to give the minimum daily total value at which irrigation should 
be applied. With this technique, the following criteria were set up on the dates 
indicated and were used until the next date listed: 


BATE 

MOISTUEE 

LEVEL 

; DEPTH OP 
DRYING 

METHOD OP 
MEASURING 

NUMBER 

OP 

BLOCKS 

MEAN 

TENSION 

DESIRED 

DAILY 

TOTALS 



{inches) 



{atm.) 

{Q.l atm.) 

June 16, Potatoes 

1 

12 

Blocks 

3 

7.8 

230 


2 

12 

Blocks 

2 

4.0 

080 


3 

12 

Tensiometers 

2 

0.6 

012 


4 

12 

Tensiometers 

2 

0.2 

004 

June 16, 2nd year alfalfa 

1 

48 

Blocks 

7 

7.8 

556* 


2 

48 

Blocks 

7 

4.0 

280 


3 

12 

Tensiometers 

2 

0.6 

012 


4 

12 

Tensiometers 

2 

0.2 

004 

July 6, Potatoes 

1 

12 

Blocks 

3 

7.8 

230 


2 

12 

Blocks 

3 

4.0 

120 


3 

12 

Tensiometers 

2 

0.6 

012 


4 

12 

Tensiometers 

2 

0.2 

004 

July 6, 2nd year alfalfa 

1 

60 

Blocks 

4 

7.8 

600 


2 

48 

Blocks 

7 

4.0 

300 


3 

12 

Tensiometers 

2 

0.6 

012 


4 

12 

Tensiometers 

2 

0.2 

004 

July 6, Sugar beets 

1 1 

18 

Blocks 

4 

7.8 

300 


2 

12 

Blocks 

3 

4.0 

100 


3 

12 

Tensiometers 

2 

0.6 

012 


4 

12 

Tensiometers 

2 

0.2 

004 

July 6, 1st year alfalfa and 

Irrigat 

e all new 

stands of alfalfa w 

hen sun 

i of tensi( 

>n8 at all 

new alfalfa 

depths reaches 100, 

1 




August 10, 2nd year alfalfa 

1 

Same as on July 6 





2 

Same as on July 6 





3 

30 

Blocks 

6 

2.3t 

140 


4 

Same as on July 6 




Sugar beets 

1 

36 

Blocks 

7 

7.8 

546 


2 

36 

Blocks 

7 

4.0 

280 


3 

12 

Tensiometers 

2 

0.6 

012 


4 

12 

Tensiometers 

2 

0.2 

004 

Potatoes 


Same as 

on July 6 




New alfalfa 

Same as on July 6 





* Because of extremely low tension early in the season, the value used here was 450, 
but no plot was irrigated until the criteria were changed. Sugar beets same as potatoes at 
this stage (June 16) . 

t This level was raised because of small differences that occurred between 3 and 4 as a 
result of inadequate sampling of root zone by two tensiometers. 
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This method proved quite satisfactory as a technique for determining the 
time to irrigate. Some difficulty in sampling was experienced, however, as a 
result of unequal distribution of moisture on the plots; for this reason considera- 
tion is being given to installing all blocks at the same position relative to the 

TABLE 2 


Calculation of the mean soil moisture tension for high tension sugar beet plot 114 


DATE 

WEIGHTING PACTOK 
(difi — di) 

TOTAL WEIGHTED TENSION* 

9 

S ((Zi+1 — diy Tij 
i“0 

160 

8 

atm. 

21.6 

168 

8 

33.6 

173 

5 

30.5 

177 

4 

31.2 

180 

3 

24.9 

186 

6 

87.6 

188 

2 

34.4 

192 

4 

78.0 

195 

3 

78.0 

198 

I 3 

95.4 

201 

3 

107.7 

205 

4 

160.4 

212 

7 

173.6 

216 

4 

84.8 

221 

5 

109.0 

227 

6 

183.0 

233 

6 

292.8 

237 

4 

227.6 

242 

6 

176.0 

247 

5 

129.0 

251 

4 

90.6 

255 

4 

90.8 

261 

6 

213.6 

265 

4 

177.6 

Total 

113 

2,731.7 


Mean soil moisture tension = f— = 2.69 atm. 

9 X 113 

* The total weighted tension is the sum of the products of the weighting factor by the 
observed tension for each of the 9 depths: 3, 6, 12, 18, 24, 30, 36, 42, and 48 inches. 


sprinkle pipe or the center line of the plot in future studies. To test sampling 
variability, duplicate sets of blocks will be placed in some plots in future studies. 

Mean Soil Moisture Tension 

The total for each moisture plot on each day was multiplied by the weighting 
factor (6), which is the time interval between successive observations, and 
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totaled for time. The mean integrated soil moisture tension was calculated for 
each plot according to the equation 

Z i (d^i - 

rp __ *™0 

^ ^ 

%m.O 

where I and m represent the number of depths and the number of times, respec- 
tively, that readings were made, i and j represent a single time and single depth, 




Fig. 2 Fig. 3 

Fig. 2. Relationship of Mean Integeated Soil Moistuee Tension and Total Yield 

OF Alfalfa 

Fig. 3. Relationship of Mean Integeated Soil Moistuee Tension 
AND Yield of Potatoes 

Tij is the moisture tension at a single time and a single depth, and di represents 
the day of the year that observation i was made. The weighting factor that 
represents the time interval in days between successive readings is (di+i — di). 
This calculation was simply done with punch card machines by first multi- 
plying each observed tension by the weighting factor then adding all the prod- 
ucts for the several depths at one location that represented a single time. The 
results for the various times were then added to give a total or integrated ten- 
sion, which was then divided by the product of the number of depths (?) by the 
sums of the weighting factor (dz+i — di). 
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The calculation of mean soil moisture tension for high tension sugar beet 
plot 114 is shown in table 2. The observed tension for each of the nine depths 
on the day of the year indicated has been multiplied by the weighting factor 
in column 2 then added to give the total in column 3. For example, the value in 
column 3 for day 261 is 213.6 atmospheres. This is obtained either by multi- 
plying each of the tension readings for plot 114 given in table 1 by the weighting 
factor 6 or by multiplying the total for plot 114, which is 356, by the weighting 
factor 6. Ail other values in column 3 of table 2 were obtained in a like manner. 
The total weighted tension, 2731.7 atmospheres, was then divided by the total 
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all other factors affecting the growth of these crops, the linear decrease in yield 
with increasing soil moisture tension is highly significant. Even though there 
is considerable divergence from regression, the high ^fields are mostly associated 
with low moisture tension values, and the low yields with high moisture tension 
values. 

The significant curvilinear effect of integrated soil moisture tension on yields 
of potatoes results largely from the exceedingly rapid decrease of yields as mean 
integrated moisture tension increases from about 0.4 to 1 atmosphere. 

The data indicate that under the conditions of this experiment an increase 
of 1 atmosphere mean integrated soil moisture tension within the range 0.4 
atmosphere to 4 atmospheres will, 95 per cent of the time, reduce the yield 
of established stands of alfalfa between 0.65 and 0.27 tons per acre per year, 
and sugar beet yields will be reduced from 0.78 to 2.45 tons per acre per year. 
Since there was a significant deviation from linearity for potato data, the lowest 
yields of potatoes probably were attained sometime before soil moisture reached 
the permanent wilting percentage. The results also indicate that potatoes re- 
spond favorably to high moisture content in the soil as long as the soil is well 
drained and aerated. 

The mean integrated soil moisture tension as calculated gives the average 
moisture content throughout the soil profile during the growing season. As soon 
as a moisture plot dried out to the point where irrigation was indicated, water 
was applied to wet the entire profile. Sufficient moisture at low tensions was 
available to the plant, therefore, for much of the time. The growth rate of the 
plant must, therefore, have been seriously reduced as moisture tension became 
high. Since the maximum moisture tension reached at any time on any of the 
plots was less than permanent wilting, it must be concluded that under the 
conditions of this experiment, moisture availability to plants for growth was 
decreased as moisture tension increased. The commonly accepted hypothesis 
that moisture is equally available to plants for growth throughout the entire 
plant growth range from field capacity to permanent wilting percentage is 
therefore untenable. 

SUMMAHY 

The newly developed technique for measuring integrated soil moisture ten- 
sion has been applied to crops grown in a rotation under different moisture con- 
ditions. The results of one yearns experimentation is reported to illustrate the 
utility of the method. Depth of rooting of the crop is determined, the moisture 
tension integrated for depth is used as a criterion for irrigation, and the original 
data are shown to indicate the adequacy of irrigation application. 

A single value representing the seasonal soil moisture regime, the mean soil 
moisture tension, has been related to 3rields of alfalfa, sugar beets, and potatoes 
showing that over the entire plant growth range of soil moisture, the yield is 
reduced as mean tension increases. This makes untenable the hypothesis that 
moisture is equally available to plants for growth throughout the entire plant 
growth range from field capacity to permanent wilting percentage. 
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The reactions taking place when phosphate fertilizers are added to calcare- 
ous, saline, saline-alkaline, and alkali soils of the western United States are of 
importance in determining the fertilizer practices of these areas. The problem 
is complicated by the wide variation in the types and proportions of the dif- 
ferent native salt constituents. In general, it has been found that neutral salts 
such as CaS04 and CaCh, which have a common ion with the phosphate com- 
pound, tend to decrease the solubility of P2O5 (5, 15). 

Buehrer (5), McGeorge and Breazeale (13), and others (1, 6, 7, 14) have 
studied fixation of P2O5 in calcareous soils. These workers agree, for the most 
part, that certain compounds are formed in the reaction between CaCOs and 
the P2O5 added as fertilizer. Bassett (2), Breazeale and McGeorge, and Buehrer 
have suggested that a carbonate apatite or hydroxyapatite is the end product 
of this reaction. The formation of a dicalcium and a tricalcium phosphate has 
been postulated from a study of the H20-C02-Ca0-P205 system by Cameron 
and Bell (9), Cameron and Hurst (8), Bassett (2) and Britton (4). Buehrer 
concluded that the solubility equilibrium of this system is determined not by 
tricalcium phosphate but by dicalcium or monocalcium phosphate which is 
present on the surface of tricalcium phosphate crystals as a result of hydrolytic 
action. 

Boischot al, (3), working with calcareous sands, found that the quantity 
of P2O6 fixed is a function of particle size. The number of CaCOs crystals is 
directly proportional to the surface area of these crystals. 

Literature describing the effect of neutral salts having no common ion on 
P2O5 availability is conflicting. Some investigators have found that certain salts 
increase availability, whereas others find the opposite to be true. Buehrer (5) 
reported that, in general, neutral salts having no common ion increase the 
solubility of the slightly soluble P2O5 salt. 

The purpose of this study was to investigate the influence of the carbonates, 
sulfates, and chlorides of calcium, magnesium, and sodium on, first, the avail- 
ability of fertilizer P2O6 and, second, the availability of soil P2O6. 

MATERIALS AND METHODS 

The soil selected for this study was obtained from the university field station 
at Lewiston, Idaho, and showed the following analysis: pH, 7.2; total soluble 
salts, 700 ppm.; inorganic carbonates, 0.06 per cent; available P2O6, 65 ppm.;® 
cation-exchange capacity, 18.2 me./lOO gm. 

^ From a study conducted as part of a regional phosphorus program; Idaho Agricultural 
Experiment Station Research Paper 342. 

2 Available P2O3 was determined by the CO 2 extraction method (10). 
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The soil was air-dried and screened through a 2-niin. sieve. Twenty-one 
pounds was weighed into each of 36 steel cylinders, 15 inches long by 8 inches 
outside diameter. The cylinders had been coated with Biturine paint. Three 
levels of the following salts were added, with each level of salt treatment ap- 
plied to a different cylinder: CaCOs, CaS04, CaCb — ^2, 4, 8 per cent by weight 
of soil; MgCOs, MgS04, MgCb — 1, 2, 4 per cent by weight of soil; Na2C03, 
Na2S04, NaCl — 0.1, 0.2, 0.4 per cent by weight of soil. Nine cylinders of soil 
reserved for check treatments received no salt additions. The soil in the cylinders 
was made up to field capacity with distilled water and allowed to incubate for 
a month. At the end of this period, superphosphate tagged with P32 was thor- 
oughly mixed into each cylinder of soil including the check cylinders.® The 
fertilizer was added at the rate of 100 pounds of available P2O& per acre. The 
activity of the fertilizer at the time of application was about 0.2 millicurie per 
gram of P2O5. The soil in each cylinder was then divided into five smaller pots 
to provide five replications for each level and salt treatment. The 180 pots in 
the experiment were covered to minimize evaporation and randomized on large 
tables. 

Two weeks after the fertilizer application, the soil in each pot was sampled, 
air-dried, and sieved. Available phosphorus was determined by the CO2 extrac- 
tion method (10). Fertilizer phosphorus in the extract from the latter procedure 
was determined by an RCL Mark 1 solution counter and thence from the cal- 
culation: 

Specific activity of extract ^ 

Specific activity of fertilizer 

The separation of available fertilizer and soil phosphorus may not be an 
absolute measure in view of isotopic exchange of P32 for P31 on the interfaces 
of the soil colloids (12). It was not the purpose of this investigation to establish 
absolute values in phosphorus fixation as affected by various salts and concen- 
trations, but rather to obtain relative values. For this reason, only one method 
of estimating available phosphorus was used. 

RESULTS AND DISCUSSION 

Fertilizer 

The effect of the various salts on the availability of P2O5 from the fertilizer 
applied to the soil, and hereafter referred to as ‘^available fertilizer P205,^’ is 
shown in table 1, In this table the check treatment refers to soil receiving ferti- 
lizer without any additional salt treatment. In the presence of Ca++, the OL“ 
gave the greatest availability of P206.V There was no difference between the 
effect of COa’""” and S04“"~“ in the presence of Ca++. In the presence of Mg"^+, 
the 003*”“" gave the greatest availability, and Cl^ the least. In the presence of 
Na+, the COS'” “ gave the greatest availability and 804“' “ the least. The effect 

3 Radioactive superphosphate was furnished by the U. S. Department of Agriculture, 
Beltsville, Md. 

^ G. I. Seely kindly aided in the statistical interpretation of the data. 
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of the SO4 anion was sufficient at the medium and high rates to eliminate the 
effect of Na"^ and to result in a decrease in availability of fertilizer P2O6 below 
that of the check. 

TABLE 1 


Effect of various cations and anions applied at different rates on availability of fertilizer P 2 O 5 

ppm. of fertilizer P2O5 


•CHECKS* 

15.69 

14.11 

15.33 

14.27 

13.95 

15.42 

13.13 

13.96 

14,27 

HATES 

CaCOs 

CaSO^ 

CaCis 

MgCOs 

MgS04 

MgClj 

NasCOf 

Na2S04 

NaCl 

Low. 

9.28 

8.38 

11.47 

13.44 

12.53 

10.64 

18.65 

16.83 

16.31 

Medium .......... 

7.02 

7.69 

10.19 

11.69 

11.55 

i 12.53 

19.26 

11.77 

18.47 

High 

8.00 

8.00 

5.97 

14.32 

14.11 

10.64 

16.33 

11.02 

15.85 


L.S.D. at 1 per cent level, 3.59. 

* Tagged PaOs added; no salts added to this treatment. 



Fig. 1. Effect of Cations and Rates of Application on 
Availability OF Fertilizek P2O6 

The effect of the cations Ca’^, Mg++, and Na"^ on the availability of ferti- 
lizer P2G5 is shown in figure 1. These results represent the over-all averages of 
the three respective cations, and the differences in their effects are highly sig- 
nificant. The influence of the three anions CO3, SG4, and Cl on availability 
appeared to be masked by the cation effect; the means for the anion values are 
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not presented. The figure shows the depressant action of Ca++ on the avail- 
ability of fertilizer P2O6 and the greatly enhanced availability due to Na+. 

TABLE 2 


Effect of various cations and anions applied at different rates on availability of soil P2O5 

ppm. of soil P 2 O 5 


CHECKS* 

85 

82 

82 

81 

82 

82 

77 

87 

85 

RATES 

CaCOs 

CaS04 

CaCU 

MgCOa 

MgSOi 

MgCU 

NasCO* 

NaaSO^ 

NaCl 

Low 

66 

73 

64 

59 

71 

68 

94 

92 

87 

Medium. . . 

61 

60 

48 

82 

83 

47 

101 

85 

90 

High 

37 

51 

47 

74 

100 

50 

125 

56 

75 


L.S.D. at 1 per cent level, 25. 

* Tagged P2O5 added; no salts added to this treatment. 



Fig. 2. Effect of Cations and Bates of Application on 
Availability of Soil P2OS 

Figure 1 also illustrates the effect of rate of salt treatment on the availability 
of fertilizer PaOe. The soil was treated with the various salts to simulate salt 
conditions found in southern Idaho soils. For this reason, the differences in 
rates between different salts are not comparable on a percentage or on a molar 
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basis. The rate bars, however, represent over-all averages for all salts at the 
four different rates of treatment. The data show that increasing the rate of 
application of the Ca, Mg, and Na salts causes a general decrease in the avail- 
ability of fertilizer P2O6. 

Soil P2O5 

The effect of the various salts on the availability of P2O5 in the soil other 
than that added by the fertilizer is shown in table 2. This fraction, hereafter 
referred to as ^^available soil P206,^’ was determined by subtracting the ferti- 
lizer P2OS fraction from the total available P2O6. The effect of the salt treat- 
ments on the availability of fertilizer PaOs and soil P2O5 is similar in direction 
although somewhat different in degree. For example, the depressant effect of 
Ca”^ is not significantly different from the effect of on availability of 

soil P2O5, as shown in figure 2. Further, the effect of Na"^ on availability of 
soil P2O5 is not significantly greater than the effect of Mg^"^. Both these dif- 
ferences are highly significant in figure 1. The effect of the anions on availability 
of soil P2O5 is very similar to the effect on fertilizer P2O6. The only difference 
is that in the presence of Ca"^ the 804“"“ gave the greatest availability of 
SOilP206. 

The amounts of soil P2O5 made available in the check treatments range from 
77 to 87 ppm. The available P2O5 in this soil was determined in the untreated 
soil to be 65 ppm. (table 2). Several workers have reported increased uptake of 
soil P2O5 by plants grown on phosphate-fertilized plots. Jordan et aZ. (11) found 
that potato tubers grown on phosphated plots took up more soil P2O6 than did 
tubers grown on untreated plots. Spinks and Barber (16), working with wheat, 
and Strzemienski (17), working with rye grass, reported similar occurrences. 
The data in table 2 indicate that the superphosphate treatment resulted in 
more soil P2O5 in the available state, except where certain salt treatments 
depressed the availability below the 65-ppm. level. 

SUMMARY 

In general, the salts of Ca, which have a common ion with the P2O6 fertilizer 
compound, caused the greatest fixation of both fertilizer and soil P2O6. Sodium 
salts increased the availability of both fertilizer and soil P2O6. Magnesium salts 
were intermediate between Ca and Na in their release of soil P2O6 and fixation 
of fertilizer P2O5. 

The anions Cl“, 804""“, and COs"* ~ varied in their effects on availability of 
soil and fertilizer P2O6. 

In general, increasing the rate of salts decreased the availability of fertilizer 
and soil P2O6. Increasing the rate of Na2C03, however, increased both available 
soil and fertilizer P2O5. 

Phosphate fertilization increased the availability of soil P2O6. 
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Solvated silica functions as a weak acid in aqueous systems and can be titrated 
stoichiometrically (18). Even in its solid phase, finely ground, moist silicic acid 
will induce measurable evolution of CO2 from its prolonged mixtures with 
CaCOs at 30°C. (3), and incorporations of precipitated silica served to correct 
the toxicity that 4-ton-per-acre inputs of MgO had induced on tobacco cul- 
tures in silt loams (4). 

The quenched glassy slag from the electric rock phosphate-reduction furnace 
is comprised chiefly of calcium metasilicate, which undergoes hydrolytic dis- 
integration readily after the slag is incorporated into the soil, where its compo- 
nent silica is liberated into hydrated state. This phenomenon is evidenced by 
the increases in the quantities of solvated silica and Ca(HC03)2 that the rain- 
water drainage carries from slagged soils. Such increases are consonant with the 
liberations of silica that ensue from suspensions of wollastonite and of Wilson 
Dam slag in COa-impregnated water with development of Ca(HC03)2 concen- 
trations far greater than those that develop in corresponding suspensions of 
CaCOg of various forms (11). 

Then, too, extractions of the electric furnace slag in C02“impregnated water 
gave concentrations of fluorides that were far greater than those obtained 
through corresponding extractions of fluorspar. The several laboratory extrac- 
tions and pot culture studies prompted a 10-year lysimeter experiment upon 
the postulation that the rain-water drainages from slagged soils w’^ould carry a 
high concentration of fluorine as calcium silicofluoride. 

The primary objectives of the present paper are to clarify that postulation 
and determine whether the slag-derived solvated silica would cause continued 
enhancements in the migrations of fluorine and calcium, and possibly PO4, into 
the rain-water leachings from slagged soils. 

SOnVATEB SILICA OUTGO 

Solvated silica outgo from the untreated acidic soils was so meager that it 
was not determined quantitatively. Its occurrence in the rain-water leachings, 
as given in table 4, is differentiated from the suspensoid silicates that sometimes 

^ This experiment was conducted through cooperation between the chemistry department 
of The University of Tennessee Agricultural Experiment Station and the Divisions of Chem- 
ical Engineering and Agricultural Relations of Tennessee Valley Authority. Acknowledg- 
ment is accorded John Thompson and George Palmer, both formerly of T. V. A. personnel, 
for the analytical findings obtained in the first 4 years of the experiment. 
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appear in the drainage, after electrolyte solutes are washed from acidic soils 
by late fall and early winter rains. When the clear drainages from the Ca-satu- 
rated soils are evaporated, their contents of solvated silica are rendered crys- 
talline. 

The quantities of solvated silica in the leachings from the two limestoned 
soils were analytically identical and were approximately only a fifth of the mean 
of the quantities leached from the slag and from the wollastonite. The solvated 
silica outgo induced by each liming material in the Hartsells soil was respec- 
tively comparable to the corresponding outgo from the Baxter soil. 

A leaching of 165 pounds of silicon (Si), would meet the CaSiFe requirement 
for the 672.8-pound enhancement in the total outgo of fluorine from the slagged 
Hartsells soil. But that enhancement was accompanied by a silicon outgo of 
513 pounds, which was more than three times the quantity essential to account 
for the fluorine^s having been leached as silicofluoride. Similar relationship pre- 
vailed in the 10-year leachings from Baxter silt loam. 

With identical input of calcium, as slag and as wollastonite, the outgo of 
silica from the wollastonite in each soil was somewhat beyond the outgo of Si 02 
from the corresponding input of slag, the silica content of which was not at- 
tributable entirely to occurrence of Ca-metasilicate. If the 1,100-pound 10-year 
outgo of Si 02 is credited to having come entirely from the incorporated wol- 
lastonite, the quantity of silica leached from it was only 0.048 per cent of its 
total content of silica. But the leaching of that quantity of silica leaves the 
wollastonite largely as such, as emphasized by the small accumulation of CaCOg 
in the wollastonited soil, in contrast to the large accumulations of CaCOs from 
the incorporated slag. 

EXPERIMENTAL 

Limestone and wollastonite, the metasilicate of calcium, were utilized as con- 
trols in comparisons with the quenched Wilson Dam slag. The three materials 
were passed through 100-mesh sieves and were incorporated simultaneously 
into Hartsells fine sandy loam, pH 5.0, and into Baxter silt loam, pH 5.2. Each 
material was mixed throughout 100-pound portions of soil, moisture-free basis, 
in a quantity equivalent to 20-tons of CaCOs per 2,000,000 pounds of soil, in 
asphaltum-coated galvanized iron lysimeters of 1/20,000 acre. Through pot 
cultures, in which the three liming materials had been incorporated at ranges 
of 2 tons to 20 tons per acre and in three degrees of fineness, it had been learned 
that the unground 10-mesh slag and 100-mesh wollastonite could be used at 
20-ton rate without the decidedly toxic effect that was an early and transient 
result from the inputs of the slag that had been ground to pass lOO-mesh (10). 
In the present experiment, the three materials used were finer than 100-mesh 
to assure uniformity in particle size. The 20-ton rate for the incorporations was 
adopted with expectancy that the extent of variations in effects would be regis- 
tered significantly through analyses of the soils and their rain-water leachings. 

The quenched slag had an 84.1 per cent CaCOa-equivalence (19) and con- 
tained 50 per cent CaO and 42 per cent Si02. It contained 3.2 per cent of fluorine 


EOLB OF SOLVATED SILICA IN LEACHING 


235 


and 1.3 per cent of P 2 O 6 (10). Composition, reactive properties, and liming and 
fertilizer effectiveness of the slag, quenched and unquenched, have been de- 
scribed (6, 8, 9, 10, 13). The limestone had a CaCOs-equivalence of 99.5 per 
cent and contained only 1 per cent of MgCOs. The crystalline wollastonite was 
equivalent to 82 per cent CaCOs and contained 1 per cent CaCOg. The limestone 
and the wollastonite contained mere traces of fluorine and P 2 O 6 . 

Analytical procedures — other than those used to determine contents of fluo- 
rine and phosphorus in the drainage waters and sulfide sulfur in the slag (20) — 
were those prescribed in A.O.A.C. methods (1). The quantities of fluorine native 
to the Hartsells and Baxter soils were found to be 200 ppm. and 160 ppm., 
respectively, by the direct H 2 SO 4 -HCIO 4 distillation technique (16). The Sanchis 


TABLE 1 

Ionic increments carried by the annual composites of the periodic collections of rain waters 
obtained at the Knoxville lysimeters, 19J^0-1950 


ANNUAL PERIOD 

RAIN WATERS 

pH 

COMPONENTS BROUGHT TO SOIL PER ACRE 

Ca* 

Mg* 

s 

K 

P 

N 


inches 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1940-41 

35.80 

— 

95 

22 

53 

9 

— 

— 

1941-42 

41.20 

— 

93 

25 

65 

12 

— 


1942-43 

57.88 

7.4 

130 

25 

47 

7 

0.1 

8 

1943-44 

51.19 

7.1 

115 

19 

40 

9 

0.2 1 

7 

1944-45 

55.60 

7.1 

108 

19 

50 

9 

0.1 

6 

1945-46 

53.81 

6.9 

123 

22 

57 

6 

0.1 

6 

1946-47 

50.98 

7.7 

138 

25 

53 

7 

0.1 

2 

1947-48 

42.69 

6.7 

98 

31 

77 

16 

0.3 

6 

1948-49 

56.57 

7.0 

90 

38 

52 

15 

0.8 

9 

1949-50 

62.60 

6.7 

100 

31 

31 

14 

0.6 

4 

10-year total 

508.32 


1090 

257 

525 

104 

2.3t 

4St 

Average annual 

50.83 


109 

26 

53 

10 

0.3 

6 


* Expressed as CaCOs-equivalence. 
t For 8 years; computed to 2.9 pounds for 10 years, 
t For 8 years; computed to 60 pounds for 10 years. 


procedure (17) was used for determination of fluorine carried by the drainage 
waters, and their phosphorus contents were determined by means of a modifica- 
tion of the A.O.A.C. microchemical method (22). 

Increments brought to the soils by the rain waters are recorded in table 1 
and the data of tables 2 and 7 give the initial and final properties and pH values 
of the two soils. 


FLUORINE MIGRATIONS 

The occurrence of fluorine in the 10 annual composites of the periodically 
collected leachings from the two soils are given in table 3. 

Total passages of fluorine were increased slightly by the limestone and by the 
wollastonite, although both of the materials were almost devoid of fluorine. 
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The mean difference between the per annum passages of fluorine from the lime- 
stone and the wollastonite in each soil was less than a pound per acre and this 
difference is not sufficient to prove that the silica content of the incorporated 
wollastonite caused an increase in the outgo of fluorine from supplies that were 
natural to the soils. In a related 10-year experiment, however, the mean of the 
leachings from the triplicated cumulative inputs of 4,932 pounds of CaF 2 per 
acre registered only 4.5 pounds of fluorine as outgo per acre per annum (15). 
That outgo represented only a small fraction of the stoichiometric equivalence 
of the calcium enhancement in the leachings from the incorporated CaF 2 . Obvi- 
ously, increases in the migrations of fluorine— 68 pounds and 63 pounds per 
annum— from the heavily slagged Hartsells and Baxter soils, were in associa- 
tion with calcium in form or forms far more dissoluble than the simple fluoride. 


TABLE 2 

Exchangeable bases* in Hartsells fine sandy loam and in Baxter silt loam controlSj before and 
after 10 years^ leachings by rain waters 


BASE 

' 

HARTSELLS TINE SANDY LOAMf 
EXCHANGEABLE BASIS 

BAXTER SILT LOAMf 
EXCHANGEABLE BASIS 

Initial 

.Final . j 

Initial 

Final 

! 

me. 

me. 

me. 

me. 

Calcium 

1.68 

0.88 

1.48 

1,10 

Magnesium 

0.25 

0,15 

0.36 

0.19 

Potassium 

0.13 

0,09 

0.14 

0.09 

Hydrogen! . . . — 

4.39 

3.91 

3.97 

3,70 

Exchange capacity If i 

6.45 

5.03 

5.96 

5.08 

CO 3 . 

0.0 

0.0 

0.0 

0.0 


* As millequivalents per 100 gm. of dry soil, 
t Initial pH was 5.0. 
t Initial pH was 5.2. 

§ Represents difference between the sum of Ca, Mg, and K and exchange capacity, 
f Obtained by means of ammonium acetate extraction at pH 7.0. 

The x-ray examination of the slag did not register incidence of CaF 2 in the slag 
or in a mixture of no-pattern material into which a 6.7 per cent content of 
CaF 2 had been mixed to simulate a slag of such fluoride content. 

Upon the assumption that the fluorine content of the electric furnace slag 
occurs in solid solution of the large proportion of the metasilicate of calcium, 
the following equations indicate the transitions that ensue after the slag is 
incorporated into soil : 

1. (a) CaSiOa + H 2 O Ca(OH )2 + S A 

(b) Ca(OH )2 + H 2 of complex Ca complex + 2 H 2 O 

(c) Ca(OH )2 + CO 2 CaCOs + H 2 O 

(d) CaCOa + CO 2 + H 2 O — > CaH 2 (C 03)2 into the rain-water drainage. 

2. Solid CaSiFe + nH20 — » solute CaSiFe into the rain-water drainage. 
The Ca of the engendered hydroxide replaces the hydrogen of the soil acidoids, 
and the Ca in excess of that requirement undergoes conversion to CaCOs in 
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solid phase and into a bicarbonate solution that stabilizes the concomitant cal- 
cium silicofliioride and promotes its migration, as in table 6. 

As noted, the enhancements in calcium outgo from incorporations of CaF 2 in 
related experiments were substantially greater than the relatively small parallel 
increases in the outgo of the associated fluorine (14). Obviously, most of the 
fluorine of the incorporated calcium fluoride underwent fixation by the alumino 
complexes of the soil systems. In contrast, the fluorine of the slag underwent 
extensive leaching from the soil instead of becoming fixed by it. Because the 
fluorine of additive CaF 2 was retained so largely by the soil, the substantial 

TABLE 3 

Fluorine o%itgo in 10~year rain-water teachings from 20-ton CaCOs-equivalent incorporations'^ 
of 100 -mesh limestone ^ slag, wollastonite in two soils 


FLUORINE PER 2,000,000 POUNDS OF SOILf 


YEAS 

From Hartsells Fine Sandy Loam andt 

From Baxter Silt Loam and§ 


Alone 

Limestone 

Slag 

Wollastonite | 

Alone 

Limestone 

Slag 

Wollastonite 


Ih 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1 

0.2 

0.5 

42.4 

0.5 

0.2 

0.3 

40.5 

0.5 

2 

0.4 

0.8 

93.6 

1.2 

0.3 

0.7 

71.6 

1.0 

Z 

0.4 

0.9 

94.1 

1.6 

0.4 

1.3 

72.3 

2.1 

4 

1.0 

1.6 j 

75.8 

2.2 

0.7 

0.9 

80.1 

1.3 

5 

2.6 

4.3 

114,3 

7.5 

2.9 

7.4 

103.3 

4.2 

6 

2.4 

3.4 

64.8 

5.8 

2.4 

2.3 

57.9 

3.3 

7 

1.0 

2.7 

47.4 

2.8 

1.9 

2.5 

48.1 

3.3 

8 

0.8 

2.3 

33.7 

2.3 

0.9 

2.2 

25.5 

2.4 

9 

3.5 

3.6 

59.0 

5.8 

2.6 

1.2 

61.0 

3.5 

10 

1.4 

4.2 

61.4 

4.2 

1.4 

2.7 

57.1 

4.2 

Total Induced 

13.7 

24.3 

686.5 

33.9 

13.7 

21.5 

617.4 

25.8 

increase 


10.6 

672.8 

20.2 

— 

7.8 

613.7 

12.1 


* Made into full depth of soil, which then was undisturbed 10 years, 
t Moisture-free basis, 
t Fluorine content was 184 ppm. 

§ Fluorine content was 200 ppm. 


II 




."I 




■'I 

!! 


increase in the outgo of both fluorine and calcium in the drainage waters from 
the slagged soils is attributed to the migration of the relatively soluble silico- 
fluoride, as in equation 2. The relationships of total migrations of fluorine to 
those of silica are obvious from a comparison of the totals in tables 3 and 4, 
Apparently, the invariable enhancements in the silica outgo from the slagged 
soils were not governed by companion migrations of fluorine. Although the 
data indicate that the solvated silica in the leachings from the slagged soils did 
promote the outgo of the fluorine, paucity of native supplies of fluorine in the 
soils did not diminish the leachings of solvated silica from the incorporated 
wollastonite. Both of the distinctive calcium metasilicate materials imparted 
significant quantities of solvated silica to the di'ainages from both soils, and 
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the evolution of solvated silica in the silicate-enriched soil systems did increase 
the leaching of fluorine, even where none was incorporated. 

TABLE 4 

Silica outgo in 10-year rain-water teachings from 20-ton CaCOz-equivalent incorporations'^ 
of 100-mesh limestone, slag, wollastonite in two soils 


SiOs PER 2,000,000 POUNDS op SOILt 


VEAR 

From Hartsells Fine Sandy 

Loam and 

From Baxter Silt Loam and 


Limestone 

Slag 

Wollastonite 

Limestone 

Slag 

Wollastonite 


IK 

lb. 

lb. 

lb. 

lb. 

lb. 

1 

1 

97 

39 

4 

69 

25 

2 

24 

67 

112 

17 

49 

116 

3 

13 

118 

121 

13 

102 

134 

4 

10 

109 

93 

7' 

88 

93 

5 

10 

140 

125 

1 

125 

118 

6 

9 

121 

no 

1 

no 

103 

7 

14 

90 

102 

10 

1 94 

91 

8 

26 

59 

81 

94 

115 

146 

9 

39 

167 

212 

16 

99 

150 

10 

73 

132 

175 

55 

150 

206 

Total 

218 

1100 

1170 

218 

1001 

1182 

Increase from additive Si02t 

— 

882 

952 


783 

964 


* As in table 3. 
t Moisture-free basis. 

t That carried by the slag and by wollastonite. 


PHOSPHORUS OUTGO 

The limestone incorporations caused no increase in phosphate migration from 
the soils used in the present experiment. The same result obtained also in a 
related 10-year experiment from inputs of limestone, either alone or with CaFa 
(15). In the present experiment, however, the two metasilicate materials caused 
significant annual increases in the migrations of phosphates from both soils. 

In general, the order of the increases in the teachings of phosphorus from the 
wollastonited Baxter soil was similar to the order induced by the slagged soil. 
Except for increments from the atmosphere, the quantities of phosphorus that 
passed from the wollastonited Hartsells and Baxter soils were from their respec- 
tive native stores of 460 pounds and 620 pounds of PaOg per 2,000,000 pounds^ 
of soil. Nevertheless, those passages were nearly equal to those of phosphorus 
from the two slagged soils that had been enriched through the 312-pound-per- 
acre input of phosphorus carried by the incorporated slag. Because of this com- 
parison, and because the outgo of solvated silica from the wollastonited soils 
exceeded the corresponding outgo from the slagged soils, it appears that— within 
rational limits, and to the exclusion of soils of high apatite content — ^the passage 
of phosphorus into the drainage waters of soils well supplied with calcium is^ 
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mfluenced by the quantities of mobile silica in the soils, as well as by the per- 
centage of the companion phosphate. Because of such mobilization of phosphorus 
into the drainage waters, it appears probable that phosphates will prove more 
effective on soils of good content of calcium and solvated silica. The total migra- 
tions of phosphorus from the several soil systems are shown in table 5. 

TABLE 5 

Phosphorus outgo in 10-year teachings from 20-ton CaCO^-equivalent incorporations^ of 
100-mesh limestone ^ slag^ wollastonite in two soils 


PHOSPHORUS PER 2 , 000,000 POUNDS OP SOIUf 



From Hartselis Fine Sandy LoamJ and 


From Baxter Silt Loam§ and 



Alone 

Limestone 

Slag 

Wollas- 

tonite 

Alone 

Limestone 

Slag 

Wollas- 

tonite 


P 

P 20 fi 

P 

P2O5 

P 

P2O5 

P 

P2O5 

P 

P2O5 

P 

P2O5 

P 

P2O5 

P 

PaOs 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1 

.11 

0.25 

.05 

0.11 

0.15 

0.34 

0.06 

0.14 

.04 

0.09 

.20 

0.46 

0.09 

0.21 

0.02 

0.05 

2 

.05 

0.11 

.10 

0.23 

0.21 

0.48 

0.14 

0.32j 

.05 

0.11 

.09 

0.21 

0.19 

0.44 

0.19 

0.44 

3 

.11 

0.25 

.16 

0.37 

0.38 

0.87 

0.26 

O.6O1 

.06 

0.14 

.11 

0.25 

0.39 

0.89 

0.33 

0.76 

4 

.05 

0.11 

.05 

O.llj 

0.251 

0.57 

0.15 

0.34 

.06| 

0.14 

.05 

0.11 

0.201 

0.46 

0.14 

0.32 

5 


0.27 

.12 

0.27 

0.44 

1.01 

0.40 

0.92 

.13 

0.30 

.12 

0.27 

0.53 

1.21 

0.40 

0.92 

6 

T7 

0.39 

.20 

0.46 

0.40 

0.92 

0.57 

1.31 

.04 

0.09 

.17 

0.39 

0.57 

1.31 

0.49 

1.12 

7 

.11 

0.25 

.07 

0.16 

0.33 

0.76 

0.40 

0.92 

.05 

0.11 

.04 

0.09 

0.41 

0.94 

0.28 

0.64 

8 

.06 

0.14 

.05 

0.11 

0.22 

0.50 

0.32 

0.73 

.05 

0.11 

.06 

0.14 

0.40 

0.92 

0.33 

0.76 

9 

.15 

0.34 

.09 

0.21 

0.50 

1.15 

0.56 

1.28 

.06 

0.14 

.06 

0.14 

0.67 

1.53 

0.56 

1.28 

10 

.06 

0,14 

.07 

0.16 

0.68 

1,56 

0.70 

1.60 

! .06 

0.14 

.07 

0.16 

0.89 

2.04 

0.76 

1.74 

Total 

.99 

2.25 

.96 

2.19 

3.56 

8.16 

3.56 

8.16 

.60 

1.37 

.97 

2.22 

4.34 

9.95 

3.50 

8.03 

Induced 

increase 





2.57 

5.91 

2.57 

5.91 



.37 

0.85 

3.74 

8.58 

2.90 

6.66 


* As in table 3. 

t Moisture-free basis. 

{ Phosphorus content was equivalent to 0.023 per cent P2O5. 

§ Phosphorus content was equivalent to 0.031 per cent P2O5. 

CALCIUM OUTGO AS BICARBONATE 

The occurrences of Ca(HC 03)2 in the leachings from the two untreated soils 
and from the incorporations of slag, wollastonite, and limestone are shown in 
table 6 and comparatively with calcium totals in figure 1. The findings reported 
by Harris et al. (2) indicate that the bicarbonate leachings from the limestoned 
soil could have come from both the sorbed Ca and the undecomposed fraction 
of the incorporated limestone, whereas such leachings from the glassy slag and 
from the crystalline wollastonite were governed by the extent of the hydrolytic 
disintegrations of their metasilicate contents. Included also in the comparisons 
was the relationship that bicarbonate leachings bear to final occurrences of soil 
carbonates, as residues from the incorporated limestone and as cumulations 
engendered from the two silicate materials, as in table 7, in which are recorded 


'-t. 
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also the final pH values resultant from the in 
materials. 


12,730 


5 

Q. 


10,184 


<0 7638h 


01 

2 0 ^ 365 - 
Jifo 

i|s,o.2. 




0 LS. SLAG WOL 

HARTSELLS FINE SANDY LOAM 

□bicarbonate 
H total 


0 L.S. SLAG WOL. 

BAXTER SILT LOAM 


Fig. 1. Inplitencb of Ca-MBTAsiLicATB Matbkials on 10-Yeab Lbachings of Cal- 

CIXTM, AS BICABBONATB AND AS TOTALS, FROM HaETSELLS FiNE SaNDY LOAM AND BaXTER, 

Silt Loam after Separate Incorporations of 100-Mesh Limestone, Glassy Slag, 
AND WOLLASTONITE, EaCH IN QeANTITIBS EQUIVALENT TO 20 ToNS OF CaCOs PER 2,000,000 
Pounds of Soil (Moistueb-Frbe Basis). 

Every periodic collection of the hackings from each of the calcic materials 
in the 10 years of the experiment was found to be alkaline, in pH range from 
7.7 to 8.2. The leachings of bicarbonate from the slagged Hartsells and Baxter 
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TABLE G 

Calcium bicarbonate outgo in 10-year rain-water teachings from BO -ton CaCOz-equivalent 
incorporations'^ of 100 -mesh limestone ^ slag^ wollastonite in two soils 


CaCHCOs)# PEE 2,000,000 pounds op soiLf 


YEAES 

Hartsells Fine Sandy Loam and 


Baxter Silt Loam and 


None 

Limestone 

Slag 

1 

Wollas- 

tonite 

None 

Limestone 

Slag 

Wollas- 

tonite 


Ih. 

lb. j 

lb. 

Ih. 

lb. 

lb. 

lb. 

lb. 

1 

53 

210 1 

438 

254 

39 

135 

501 

247 

2 

98 

510 ^ 

964 

624 

80 

435 

847 

775 

3 

81 

478 

917 

537 

72 

524 

884 

765 

4 

79 i 

479 

950 

526 

91 

416 

912 1 

770 

5 

169 i 

535 

824 

516 

160 

465 

750 

713 

6 

113 

516 

755 

470 

106 

474 

691 

640 

7 

91 

524 

563 

392 

90 

356 

676 

496 

8 

88 

368 

505 

346 

85 

302 

452 

587 

0 

132 

527 

724 

491 

129 

459 

650 

637 

10 

169 

673 

793 

741 

150 

609 

1 960 

989 

Total 

1073 

4820 

7433 

4897 

1002 

4175 

7323 

6619 

Increase 

— 

^ 3747 

6360 

3824 

— 

3173 

6321 

5617 

Increase as % of input of 
CaCOa-equivalent 


9.4 

15.9 

9.6 

i 

7.9 

‘ 15.8 

14.0 


* As in table 3. 
t Moisture-free basis. 


TABLE 7 

Calcium carbonate occurrences in two soils after 10 years of rain-water teachings from 20 -ton 
CsiCOz-equivalent incorporations of limestone^ quenched calcium silicate 
slag, and wollastonite* 


INCOEPOEATIONS FULL DEPTH 

FINAL VALUES FOE HAETSELLS 

FINE SANDY LOAM 

FINAL VALUES FOE BAXTEE SILT LOAM 

CaCO* 

pH 

CaCO* 

pH 


me. 

lb.* 


1 me. 

lb.* 


None. 

0 

0 

5.1t 

■ 0 '1 

0 

5.4t 

Limestone. 

24.3 

24,300 

7.9 

24.9 

24,900 

7.9 

Blag. 

16.6 

16,600 

8.0 

17.3 

17,300 

8.0 

Wollastonite. 

0.7 

700 

7.8 

1.1 

1,100 

8.1 


* Per 2,000,000 pounds of soil, 
t Initial value was 5.0. 

J Initial value was 5.2. 


soils were maximal and nearly identical, or 6,360 pounds and 6,321 pounds. 
Because every annual leaching of bicarbonate from the slagged soils exceeded 
the corresponding outgo from the limestoned soils, the accumulations of CaCOs 
from the slag in the Hartsells and Baxter soils were only two thirds of the 12«ton 
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per acre residues of limestone in those soils, as shown by the data of table 7. 
In contradistinction, the two soils acquired respective accumulations of only 
700 pounds and 1,100 pounds of CaCOs from the wollastonite, even though the 

TABLE 8 

Ten-year outgo of Ca^ Mg, K, S, and N in rain-water teachings from ^0-ton CaCOz-equivalent 
incorporations* of limestone, slag, wollastonite {100-mesh) in Hartsells fine sandy loam 
In pounds per 2,000,000 pounds soilf 


INCORPORATIONS 



1 

2 1 3 

4 

5 

6 

7 

8 

9 

10, 

Total 


Calcium 


None 

113 

145 

88 

91 

69 

54 

47 

56 

64 

77 

804 

Limestone .... 

487 

505 

372 

410 

322 

326 

284 

258 

308 

369 

3641 

Slag. 

510 

740 

631 

690 

506 : 

473 

332 

307 j 

432 

470 

5091 

Wollastonite . . 

574 1 

572 

467 j 

454 

343 

312 

254 

252 

312 

398 

3938 


Magnesium 


None 

22 

37 

24 

31 

17 

10 

6 

13 

17 

23 

200 

Limestone .... 

4 

14 

4 

8 

5 

2 

1 

2 

1 

1 

42 

Slag 

4 

7 

13 

11 

11 

6 

5 

5 

6 

5 

73 

Wollastonite . 

5 

10 

6 

10 

5 

2 

2 

3 

1 

2 

46 


Potassium 


None 

2.7 

5.2 

3.2 

6.4 

10.0 

5.3 

3.8 

3.4 

7.0 

7.8 

54.8 

Limestone .... 

1.8 

2.5 

1.1 

2.3 

3.1 

2.3 

1.4 

1.9 

2.4 

1.4 1 

19.2 

Slag 

5.8 

7.3 

6.4 

6.7 

6.7 

4.3 

1.2 

1.7 

3.0 

2.0 

45.1 

Wollastonite . . 

' 1.2 

1.9 

2.1 

1.4 

3.2 

2.9 

1.0 

1.5 

2.3 

0.7 

18.2 


Sulfur 


None 

16 

65 

55 

61 

66 

48 

47 

52 

61 

62 

633 

Limestone .... 

75 

86 

65 

76 

57 

56 

51 

65 

65 

61 

657 

Slag 

86 

88 

60 

93 

71 

58 

45 

60 

69 

62 

692 

Wollastonite . . 

87 

82 

72 

80 

67 

52 

50 

67 

71 

59 

687 


Nitrogen 


None. . 

85 

92 

26 

64 

16 

11 

8 

19 

17 

17 

355 

Limestone .... 

220 

146 

56 

79 

27 

36 

20 

25 

26 i 

29 

664 

Slag.. 

144 

117 

25 

75 

26 

34 

11 

6 

18 

26 

482 

Wollastonite . . 

251 

146 

46 

79 

35 

39 

27 1 

■ i 

24 

30 

25 

702 


* As in table 3. 
t Moisture-free basis. 


leachings of calcium, as bicarbonate and as totals, from the wollastonited soils 
exceeded the corresponding leachings from the limestoned soils. The enhance- 
ment in the bicarbonate outgo from each slagged soil accounted for close to 16 
per cent of the input of calcium. The Ca(HC 03)2 leachings from the Hartsells 
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soil were 53, 58, and 50 per cent of the total passages of calcium from the CaCOs- 
equivalent inputs of limestone, slag, and wollastonite, respectively. The rela- 

TABLE 9 

Ten-year outgo of Ca^ Mg, K, S, and N in rain-water teachings from W-ton CaCOz-equivalent 
incorporations* of 100-mesh limestone , slag^ wollastonite in Baxter silt loam 
In pounds per 2,000,000 pounds soilf 


INCOKPOKATIONS j 

ANNUAL OUTGO 

1 

2' 

3 

4 

S 

6 

7 

8 

9 

10 

Total 

Calcium 


None. 

108 

122 

78 

108 

83 

60 

52 

55 

60 

68 

794 

Limestone .... 

410 

489 

370 

364 

339 

279 

233 

245 

290 

352 

3371 

Slag 

559 

644 

492 

616 

485 

424 

377 

302 

401 

520 

4820 

Wollastonite . . | 

492 

i 

600 

481 

495 

408 

1 

370 

260 

334 

315 i 

1 

494 

4249 

Magnesium 

None 

25 

42 

25 

57 

22 

11 

10 

11 

12 

13 

! 228 

Limestone .... 

9 

16 

7 

13 

9 

3 

3 

3 

3 

7 

‘ 73 

Slag 

11 1 

21 

13 

18 

14 

8 

7 

7 i 

8 

9 

116 

Wollastonite . . 

9 

13 

8 

14 

8 

3 

3 

3 i 

2 

7 

70 


Potassium 


None 

21.9 1 

16.3 

10.6 

17.2 

17.9 

10,2 

4.8 

6.2 

7.2 1 

7.1 

119.4 

Limestone . . . . ^ 

8.9 

8.5 

6.6 

7.8 

7.9 

5.7 

3.3 

5.9 

5.8 

6.2 : 

66.6 

Slag 

2.8 

8.4 , 

11.3 

11.8 

8.6 

6.9 

2.9 

4.7 

3.7 

3.6 

64.7 

Wollastonite . . 

17.3 

6.5 

11.0 

4.5 

4.2 

4.4 

2.1 

3.1 

2.4 

1.4 i 

1 

56.9 


Sulfur 


None 

7 

49 

50 1 

76 

84 

57 

52 

59 

65 

64 

563 

Limestone .... 

64 

91 

54 

82 j 

78 

53 

55 

69 

65 

67 

678 

Slag. 

123 

82 

45 

89 

78 

56 

52 

66 

67 

63 

721 

Wollastonite . . 

82 

84 

60 

82 

72 

58 

41 

66 

49 

60 

654 


Nitrogen 


None 

79 

105 

43 

56 

22 

20 

13 

11 

12 

10 

370 

Limestone .... 

194 

133 

55 

65 

30 

21 

23 

31 

30 

32 

614 

Slag 

150 

118 

34 

'61 

37 

23 

14 

16 

20 

21 

494 

Wollastonite . . 

216 

126 

55 

57 

31 

24 

8 

16 

16 

22 

571 


* As in table 8. 
t As in table 8. 


tionships of bicarbonate outgo the total outgo of calcium, as in table 6, 8, and 9, 
are shown in figure 1. 

The relatively small cumulation of CaCOs from the incorporated wollastonite 
might be deemed in contradiction to the phenomenon that was demonstrated in 
the several laboratory studies (3, 6, 8) through which it was shown that the 
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suspensions of calcium metasilicates undergo ready conversion to CaCO^ in 
carbonatated water and afford concentrations of bicarbonate several times those 
derived from like suspensions of various types of CaCOs (11). In the laboratory 
extractions, however, the proportions of water and CO 2 to solid CaCOs were 
decidedly different from the proportions that occurred or could occur in the 
soil systems of the lysimeters. The characteristic behavior of wollastonite in 
soils is that it (a) supplies adequacy of nutrient calcium to plant growth, (b) 
yields bicarbonate leaching beyond that from an equivalence of limestone, 
(c) causes only small build-up of CaCOs, even long after incorporation of 100- 
mesh material in the soil, and (d) proves more effective than limestone for soil 
liming, ^ ‘with virtually no restriction as to rate"’ (10, p. 80), as has been demon- 
strated through pot cultures (12, 13). 

Outgo of Ca, Mg, K, S, and N 

The quantities of the several concomitant ions carried by the annual com- 
posites of the periodic collections of the leachings are reported in tables 8 and 9 
for the HartseUs and Baxter soils, respectively. 

Calcium 

In conformity with the leachings of bicarbonate, every total outgo of calcium 
per annum from the slagged HartseUs soil exceeded the corresponding outgo 
from the limestoned soil; and, after the initial year, total outgo of calcium per 
annum from the slagged soil always exceeded annual outgo from the wollas- 
tonited soil. The total outgo of Ca from the wollastonite in the HartseUs soil 
was somewhat larger than that from the limestone, the difference being due 
chiefly to the larger passages from the wollastonite in the first 5 years. 

In every year, the total outgo of Ca from the slagged Baxter soil, and also 
that from the wollastonited soil, exceeded the corresponding annual passage 
from the limestoned soil. Total outgo of Ca from the slagged soil was 43 per 
cent greater than that from the limestoned soil. 

Magnesium 

In line with numerous lysimeter findings from this station and from the 
Virginia station (21), each of the three liming materials effected substantial 
repression in every amiual leaching of magnesium from both soils. Explanation 
for this phenomenon “of reciprocal repression” was set forth in the report of 
those findings. 

Question arises whether an accumulation of solvated silica in a dolomited 
soil would also enhance the migration of magnesium. It does not appear feasi- 
ble to effect an increase in the occurrence of solvated silica in a system where 
the occurrence of exchangeable magnesium would exceed the occurrence of 
exchangeable calcium. Although the content of magnesium in the drainages of 
dolomited soils may exceed the content of calcium after the incorporated dolo- 
mite undergoes decomposition, the dolomite would not supply additive silica 
to the soil, nor would incorporations of the relatively inert magnesium silicate 
minerals impart a substantial input of solvated silica. 
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Potassium 

In harmony with findings reported in 1930 and in 1938 (5, 7) the three liming 
materials exerted decidedly repressive effect upon the ready migration of potas- 
sium from Hartsells and Baxter soils. The repressions exerted in the Baxter 
soils represented a 52 per cent mean decrease in the outgo of K. The repressive 
effect upon outgo of potassium from the slagged Hartsells soil was offset some- 
what in the early years of the experiment, because of the 90-pound content of 
potassium in the 20-ton CaCOs-equivalent incorporation of slag. Consequently, 
the direct repressions induced by the limestone and the wollastonite exceeded 
the diminished effect indicated for K repression induced by the slag. 

Sulfur 

Each of the three calcic materials caused a substantial increase in the total 
outgo of sulfur from both soils. Similar results have been found repeatedly as 
an early effect of incorporations of liming materials and the aeration incident 
to their inmixing. The larger outgo of sulfates from the slagged soil, particularly 
in the initial year, probably reflects the oxidation of the 138-pound content of 
sulfide sulfur that was carried by the incorporated electric furnace slag (20). 

Nitrogen 

All of the liming material also caused enhancements in total leachings of nitro- 
gen from both soils, but the increases in the nitrate outgo from the slagged soils 
were not so large as those induced by the limestone and by the wollastonite. 
This difference in total outgo of nitrogen is attributable chiefly to the retarda- 
tive effect from the causticity that developed early, because of the hydrolysis 
of the heavy-rate inputs of 100-mesh slag. Nevertheless, the first year leachings 
of nitrates from both of the slagged soils were close to twice the corresponding 
leachings of nitrates from the untreated soils. Moreover, in related pot culture 
experiments, the repressive effects exerted by the 20-ton incorporations of 100- 
mesh slag on the initial crop were succeeded hj decided fertility after the heavily 
slagged soils had undergone aging (10). In contrast, 20-ton-per-acre incorpora- 
tions of the 10-mesh slag and of 100-mesh wollastonite were beneficial to the 
initial crop and to succeeding crops. But, the question of advisable and admissa- 
ble rates for incorporations of 100-mesh slag is merely academic, because elec- 
tric furnace slag of such fineness is not produced. The calcium silicate slag is 
decrepitated into a 10-mesh product through quenching, instead of being ground, 
and the unground material can be incorporated without restriction as to rate, 
as has been demonstrated in the greenhouse and in practice. In the present 
experiment, however, the slag was ground to pass a 100-mesh sieve to assure 
comparable surface to the input-charges of the three carriers of calcium, and 
to accentuate the effects that were postulated as taking place after the two 
silicate materials undergo disintegrations in two distinctive soils. 

SUMMARY 

Glassy calcium silicate slag, crystalline wollastonite, and limestone w'ere in- 
corporated, in equivalent quantities and separately, into two distinctive soils 
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in a 10-year lysimeter experiment to determine whether passages of fluorine, 
calcium, and phosphorus into rain-water drainage are influenced by the develop- 
ment of solvated silica from those incorporations. 

Every periodic collection of the leachings from each Ca-fortified soil system 
was alkaline, in pH range of 7.3 to 8.2, and all final soil pH values were in range 
of 7.9 to 8.1. 

Enhancements in solvated silica outgo from the slagged soils were accom- 
panied by substantial increases in migrations of fluorine and also of calcium as 
bicarbonate and as totals per annum. 

The increases in outgo of solvated silica from wollastonite and from slag were 
accompanied by increases in outgo of PO4 from both soils; but, because of low 
percentage content of phosphorus in the slag, the outgo of phosphate from it 
exceeded the outgo that the incorporated wollastonite induced from native 
supplies. 

Passages of calcium, as bicarbonate and as totals, from the incorporations of 
slag and wollastonite were alwa3^s far greater than those from the limestoned 
soils, in consonance with the decided higher concentrations of bicarbonate im- 
parted by suspensions of the two silicate materials to carbonatated water. 

Although outgo of calcium from the incorporated wollastonite exceeded outgo 
from the equivalent incorporations of limestone in both soils, the accumulations 
of calcium carbonate from the wollastonite were small in contrast to the large 
accumulations of CaCOs from the slag and the large residues of the limestone. 

Each of the three liming materials induced decreases in the leachings of po- 
tassium and magnesium. 

The three calcic materials induced a substantial increase in the outgo of 
sulfur and nitrogen; but the increase induced by the heavy-rate input of 100- 
mesh slag was less than the increases induced by the other two carriers of cal- 
cium, probably because of high alkalinity from the slag in the initial year of 
the experiment. 

The findings are believed to warrant the conclusion that, when sufficient 
silica is brought into solvated form from additive calcium metasilicates in 
fallow soils of good content of calcium, the migrations of fluorine, phosphorus, 
and calcium solutes in rain-water drainages will be increased, whereas outgo 
of potassium and magnesium solutes will be decreased. 

It is noted that the quenched slag used was ground to 100-mesh so that the 
three calcic materials would be of like fineness in the experimental comparison. 
But the slag sold is granulated, and not ground. It carries a relatively small 
fraction of 100-mesh material and can be used effectively for soil liming without 
restriction as to rational rate, as has been demonstrated through the pot cul- 
tures and through extensive use in practice. 
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The National Cooperative Soil Survey in the United States is just beginning 
its second half century. The first organized surveys were made in four widely 
separated areas in 1899. Since then, soil surveys have been made in some 1,600 
other counties and areas. At the meetings of the Soil Science Society of America 
in 1949, the development, applications, and future of the national soil survey 
were discussed in a general program commemorating the fiftieth anniversary 
(7, 10, 16). The beginning of the second half century seems a good time to 
review progress and errors that have been made. To that end, this paper offers 
a brief sketch of the development of soil classification; the second paper in the 
series outlines the evolution of field methods of soil surveys. An effort is also 
made to draw lessons of general application for future work. 

EARLY CLASSIFICATION OF SOILS 

It is easy to overlook the relatively recent origin of the present scheme of soil 
classification in the United States^ and to forget the trials of the early scientists 
who initiated its development. The effort necessary to accumulate the data upon 
which our present scheme largely rests and the thought put into the classification 
are clear enough from careful review of the evolution of the scheme. This evolu- 
tion can best be traced by following the development of the soil type and soil 
series, both old categories now familiar to many people in the United States. 
More time and thought have been given to the concepts of the soil type and 
soil series than to other categories in the present scheme. 

Concept of the Soil Type 

The units mapped in 1899 in the first soil surveys in the United States were 
called ^%oil types’^ (18), Study of the first few maps and reports, however, shows 
that the soil type of 1899 was comparable to a fairly broad soil association as 
defined in 1949. The soil type of 50 years ago included areas of soils with one 
or two properties in common. All soils of a given type within a county were 
alike in some conspicuous feature; they were all from the same parent material, 
all wet, all rocky, and the like. Names given to some soil types in the first sur- 
veys were similar to those used for soil types now, for example, Suffield clay, 
but some of the mapping units were called “Connecticut Meadows,’’ “Pecos 
conglomerate soil,” and the like. The areas outlined on the maps and the de- 
scriptions in the reports indicate clearly that the first concept of the soil type 

^ The current approach in soil classification in the United States is summarized in Soil 
Science, vol. 67, no. 2, February, 1949. 
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was essentially a geographic one — bodies of soils with one or two features in 
common. 

Concept of Soil Series 

First mention of the soil series occurred about 1903 (17). By that time, field 
men had begun to see that the soils in widely separated areas were alike in 
several ways. They looked for a system of naming to show these relationships. 
Because the early soil scientists had taken their field methods from geology, 
the one science that had such methods, it was only natural for them to turn to 
that field for help. They chose the term '^series’’ to cover geologically related 
soil types because that term had already been applied by geologists to a suc- 
cession of beds of different textures in a sedimentary deposit. The place given 
to soil texture in this name reflects the widespread emphasis it received in the 
early investigations. 

The concept of the soil series had become rather explicit by 1903. Instructions 
to field parties (17) for that year carry the following statements: 

Much advance has been made in the past year in this matter of correlation and in using 
the names of soils to bring out their relations. Several of the original tjpes have been merged 
into others, or have been given new names to bring them into a uniform series, where this 
could be done without danger of confusion. In doing this, the object has been to establish 
certain series in the different physiographic divisions of the United States, and we are find- 
ing that there are a few general classes of soils that are in a way related. Prominent among 
these are the Norfolk, Miami, Fresno, Cecil, and Hagerstown series. In each of these w^e 
have found or expect to find a stony loam, a gravel, gravelly loam, sand, fine sand, sandy 
loam, fine sandy loam, loam, silt, clay loam, and clay. ... 

When the Norfolk sand is being deposited the conditions somewhere in the area will un- 
doubtedly be favorable to the deposition of gravel, of silt, of fine sand, of loam, and of clay, 
and wherever material of these characters is encountered, presumably coming from the same 
source and being deposited essentially at the same time, they should be given this distinc- 
tive name so as to show their relation to one another. Knowing as we do the processes of soil 
formation, either from the disintegration of rocks in place or the transportation by wind or 
water, we should expect that materials from the same source wmuld differ in their texture. 
The relationship of the derived soils should be shown by the use of a common name. . . . 

These statements indicate clearly, though indirectly, the prevailing concept 
of the soil series in 1903. 

GRADUAL EVOLUTION OP THE CLASSIFICATION 

With the addition of the series, the soil surveyors in 1903 had established two 
categories that are still recognized. The concepts of the soil type and series 
differ greatly from those of today. Furthermore, the concepts began to change 
soon after they were established. As they were tested in the mapping of soils, 
the concepts were found inadequate in certain ways. Changes were therefore 
made to accommodate them to observations of soils in the field. 

The early development of the soil survey was discussed comprehensively by 
Coffey in 1911 (3). The following year he published a study of the soils of the 
United States in which proposed schemes of soil classification were carefully 
appraised and the requirements of a logical scheme clearly stated (4). In these 
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publications, attention was directed to the pioneer work done by the Russian 
scientists, and many of the later teachings of Marbut were foreshadowed. The 
ideas and approaches offered by Coffey received little attention 40 years ago. 

From the present point in time and with the knowledge acquired since 1911, 
the approach advocated by Coffey seems clearly ahead of the state of knowledge 
of the soil science of his day. It is now clear that relatively too much attention 
Avas given to the geological nature of soil materials in the first 20 years of the 
soil surA^ey. A proposal for a comprehensive scheme of classification offered in 
1911 illustrates this emphasis (5). The proposed scheme consisted of five cate- 
gories: type, series, group, province, and division. Soil types were to be defined 
in terms of texture and structure; soil series in terms of color, organic matter, 
drainage, and lime; soil groups according to source of the soil material (igneous 
rock, slate, etc.); soil provinces to mode of formation (residual, cumulose, ice- 
transported, etc.), and soil divisions to major mode of formation (sedimentary 
or transported). This proposal seems to have been an accurate reflection of pre- 
vailing concepts of soils and the general state of knowledge in soil science 40 
years ago. Today the proposal is conspicuous for its lack of the concept of the 
soil profile. 

In the development of soil classification in the United States, perhaps the 
biggest single change in approach occurred AAuth the shift in emphasis to the 
soil profile about 30 years ago. This approach was first outlined by Marbut (8) 
in a historic paper before the Society for the Promotion of Agricultural Science 
in 1921. It AA^as developed further in a paper presented in 1922 (9), from which 
the folloAving statement is taken: 

Returning now to the characteristics on which we must base a soil classification let us 
see what questions we ask of our soils. Soil characteristics have been referred to in this 
paper very often and they are doubtless abundant, but what are those of most importance 
and to which attention must be directed; you will recall that one of the fundamental propo- 
sitions formulated above stated that all soils at maturity develop a soil profile, and that the 
features of the soil is expressed in the features of this profile .... 

After listing ten properties of the profile, Marbut added: 

All of you are familiar with the fact that the ultimate soil unit, the soil type, the species, 
includes all areas of soil having a uniform profile. ... 

In 1921, Marbut (8) also said: 

It would be unsafe to predict that no other features, not now known, would ever become 
important as bases of differentiation. I am of the opinion that we have not yet discovered 
all the important features of the soils or all of the characteristics of soils worthy of consid- 
eration in soil definition and soil mapping. 

The placing of emphasis upon the soil profile in the American soil survey 
represents a maj or change in approach, Avhich followed by many years the intro- 
duction of the concept by Dokuchaeiv and other scientists in Russia (1). It is 
hard to overstate the significance to soil science of the concept of the soil profile. 
The effect on soil science, as others look back on its introduction, will be recog- 
nized as equal to that of the introduction of anatomy to biology some centuries 
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ago* In spite of its importance, the concept of the soil profile could be intro- 
duced into the American soil survey only after much field study. It was 
necessary that enough field observations be available to demonstrate con- 
vincingly that the old approaches left many questions unanswered. There were 
changes in approach in the American soil survey prior to 1921 and there have 
been further changes since that time. All of these changes are part of the evolu- 
tionary process that follows from the continued gathering and reappraisal of 
data. Among the many changes that have occurred, however, none is of more 
importance than the introduction of the concept of the soil profile. 



Gray-brown Podzolic Planosol LithosoJ Brunizem 


Fig. 1. Profiles and Relationships to Slope and Vegetation of Major Upland Soils 
IN THE Clarion-Webstbr Soil Association Area OF Iowa 
Adapted from “Principal Upland Soils of Iowa” (12). The Hayden and Ames series were 
developed under forest; the other soils were formed under prairie vegetation. Series names 
(above the profiles) marked with an asterisk are tentative, as is the name “Brunizem” for 
a great soil group. The latter has been proposed as a substitute for Brunigra soils (14). 

MODERN CONCEPT OF THE SOIL TYPE 

Soil types are still considered geographic bodies, but the concept is very dif- 
ferent from that of 1899, In the modern concept, each area of a soil type is a 
small segment of the land surface extending downward into the earth for a few 
feet. Thus, each is a solid, usually with an irregular but easily observed surface, 
an indistinct lower boundary, and an evident but not sharply defined perimeter. 
Areas of soil types are like parts of the block diagrams commonly used to illus- 
trate geological structures. Geographic relationships among soils in one land- 
scape in Iowa are shown in figure 1. Because soil types are geographic bodies, 
each includes a large number of individual profiles, all of which occupy minute 
areas that are little more than points on the land surface. Each soil type, how- 
ever, can be described in terms of its modal profile and the deviations from that 
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Fig. 2 Fig. 3 

Fig. 2. Profile of Webster Silty Clay Loam, Humic-Glei or Weisenboden Formed 
FROM Calcareous Glacial Till in Northern Iowa and South-Central AIiinnesota 
Note especial!}' the thick, black A horizon and the lack of other distinct horizons. 

Fig. 3. Profile of Leon Sand, a Ground-Water Podzol Formed from Auid Marine 

Sands in the Southern States 

Note the light colored A horizon, the thin black B horizon, and the almost white C hori- 
zon. The second dark layer at the bottom of the cut may or ma}" not occur. 
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nomi. It is a product of a unique combination of climate, living organisms, 
parent materials, topography, and time, often modified by man. Whenever a 
given combination of the factors of soil formation occurs, the soil type will be 
the same. This is of first importance in understanding soils and in predicting 
their behavior. It provides the opportunity for establishing a uniform system 
of classification and nomenclature that will allow the transfer of knowledge 
gained through research and experience in one place to similar soils in other 
places, whether those be in the same county or in different continents (6, 15). 

Soil types (and phases) are defined in terms of soil properties, both internal 
and external, which are considered collectively. Major emphasis is given to the 
soil profile (a vertical section down through the soil to a depth of several feet), 
including its various horizons, because the profile is a reflection of the factors 
of soil formation, is important to the growth of plants, and has significance to 
engineering uses. A pair of strikingly different soil profiles are shown in figures 
2 and 3. 

The definitions of soil types and phases are based on differences in soil profile 
and on external features such as slope, degree of erosion, and stoniness. Char- 
acteristics considered in the definition of soil types and phases are directly ob- 
servable or are infened from observable features. The principal observable 
features considered are the number, thickness, and arrangement of horizons 
in a profile; the color, texture, structure, consistence, and reaction of each 
horizon; the contents of organic carbon, carbonates, and soluble salts in the 
soil; and the slope, stoniness, parent material, and undertying rock. The princi- 
pal inferred properties considered are natural drainage, fertility levels, perme- 
ability, and degree of erosion. These features, and occasionally others, are all 
weighed together in the definition of individual soil types and phases, which 
are kept to the minimum consistent with sound classification in each area cov- 
ered by a soil survey. It should be emphasized that the characteristics or proper- 
ties of the soils and the interactions among those properties form the basis for 
the definition of soil types and phases, rather than the relationships of soils to 
factors of formation, to the growing of economic plants, or to their suitability 
for subgrades. 


SIGNIFICANCE OF CHANGES IN CLASSIFICATION 

Reflextion of State of Knoioledge 

From comparisons of the scheme proposed in 1911 (5) with the concept of 
the soil type stated by Marbut in 1921 (8) and the present concept of the soil 
type (15), one useful lesson in soil classification is readity apparent. A scheme 
of soil classification reflects the state of knowledge in the soil science of its day. 
The categories in a scheme, the classes wdthin categories, and the selection of 
criteria for differentiation depend upon the knowledge of soils at an}^ given 
time. The proposed system in 1911 classified soils on a limited geological basis 
despite the criticisms offered by Coffey (3, 4). The theories of soil formation 
and the concept of the soil held generally at the time made a geological classi- 
fication seem perfectly reasonable to most soil scientists. On the other hand, 
this approach in classification is clearly inadequate today. 
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The properties considered and the weights given to those properties in de- 
fining classes change with time. These changes come about for two reasons: 
first; more information about soils is gradually being accumulated; second, 
more is learned about the significance pf the properties and their interactions 
to soil genesis and utilization. Fifty years ago a common parent material was 
an adequate basis for relating a number of soils as one soil type (18). Forty-five 
years ago the dark color of the surface layer was a sufficient basis for grouping 
soil types into series within a physiographic region (2). Neither of these bases 
seems adequate for defining soil types and series in 1950. These examples ^^.re 
but a few of these changes that have come with the growth of knowledge in the 
first half century of soil surveys. 

Ccmhinatiom of Characteristics 

A very important lesson in the development of soil classification in the United 
States is that soil characteristics exist in combinations. Moreover, the signifi- 
cance of any one characteristic depends upon those with which it is associated. 
This lesson is not easy to learn. Nevertheless, it is there for all who study the 
evolution of the present scheme of sclassification. Among earlier proposals (4), 
there are schemes for classifying soils according to geological age of the rock 
formations, schemes keyed to the glacial age of sediments, and schemes tied 
to mode of transportation of soil materials. All of these schemes are based 
primarily upon one characteristic of the soil material. The inadequacies of these 
proposals are obvious as a result of the growth of knowledge about soils. It is 
generally recognized now that the soil profile with its horizons and their inter- 
relationships must be considered in classification. This understanding has come 
gradually as more and more was learned about the soil. 

The combinations of characteristics must be evaluated in constructing a 
classification. This is far harder than the job of considering one or perhaps two 
properties at a time. Yet it is of the first importance to see the significance of 
each soil characteristic in relation to those with which it is combined. To take 
but a single example, a high content of phosphorus is generally considered 
desirable, but it may have little meaning in some soils. The high levels of phos- 
phorus in the Maury and similar soils in the Kentucky bluegrass region con- 
tribute greatly to the growing of race horses and fine cattle in that area. On 
the other hand, soils of Angaur Island in the west-central Pacific Ocean are 
not suitable for hand cultivation although they contain as much phosphorus 
as many phosphate ores. The high phosphorus content has little meaning be- 
cause the shallow, stony character of the soil makes hand tillage impossible. 

Limitations of Technical Grou^mgs 

Another lesson implicit in the history of the American soil survey is the need 
for basing classification on soil properties in combinations rather than on judg- 
ments as to possible usefulness of soils. Groupings of soils for specific practical 
objectives can be very useful, but they should not be expected to serve as com- 
prehensive scientific schemes. The uses and limitations of such simplified 
schemes, often referred to as technical groupings, have been considered else- 
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where (11, 13). Experience with short-cut classifications has been generally un- 
satisfactory except for specific purposes. This is to be expected from the mean- 
ings of combinations of soil characteristics to use and management of the soils. 

How soils are used depends not only upon their nature but also upon the 
state of the agricultural arts. As the agricultural arts change, soil characteristics 
take on different meanings. This is immediately and forcibly brought home to a 
soil scientist when he travels from one area with a mechanized agriculture to 
another area with similar soils in which cultivation is all by hand. Nevertheless, 
the suitability of soils for production of a single crop has been used as basis for 
defining units mapped in field surveys. As the crop production pattern changes 
with improved technology, the old interpretative classification becomes obso- 
lete and cannot be reinterpreted in terms of new needs. Careful study of the 
development of classification and mapping procedures in the American soil 
survey will show the paramount importance of basing the definitions of the 
units on the properties and the combinations of properties of the soils them- 
selves. 

Selection and Weighting of Criteria 

Finally, it is clear from the development of soil classification that a central 
and continuing problem is one of selecting and weighting properties in differen- 
tiating classes and categories. The choosing of properties and the weighting of 
them in combinations is the principal question that will plague soil scientists 
as long as classifications are attempted. What properties shall be used to dis- 
tinguish soil types from one another? How much weight shall be given to the 
different properties in this combination? This choosing and weighting of soil 
properties in constructing a classification is the hardest part of the job. It is 
done within a frame of reference that consists of the theories of genesis and the 
knowledge of morphology and behavior in the minds of the scientists making 
the classification. In other words, the construction of a classification is circum- 
scribed by the knowledge of soils and their genesis held by the scientists re- 
sponsible for the scheme. This central problem in soil classification will last 
as long as the efforts to classify soils. It is important at all times to recognize 
this and to realize that the answers obtained will sooner or later be superseded. 
Thus, the pattern is one of improving an approximation of the ideal. As the 
body of knowledge in soil science changes, so must soil classification change. 
This is accomplished through shifts in the scheme and through shifts in the 
selection and weighting of criteria for differentiating classes and categories. 
This lesson is one of the most important that can be drawn from this first half 
century of soil surveys in America. 
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Agricultural Geography of the World. By J. Papadakis. Pubiished by Author, 
Nahuel, Huape 4984, Buenos Aires, 1952. Pp. 118, plates 3, maps 4. Paper- 
bound. 

The author has undertaken a very large task in organizing crop plant in- 
formation in terms of climate, growth rate and rhythm, vegetation, soils, and 
agricultural regions. The first chapter is devoted to temperature, light, water, 
and edaphic conditions. The second chapter gives an ecological classification of 
crops. The third chapter considers crop climate in terms of winter hardiness, 
summer duration and heat, and humidity and its seasonal distribution. In chap- 
ter 4 a formula is set down by which a world map of growth rate and rhythm 
was developed. Chapter 5 deals with soil formation in relation to plant geogra- 
phy. The agricultural regions of the %vorld are shown in chapter 7. A bibliogra- 
phy of some 150 references and excellent sets of plates and maps are appended. 
A number of errors in spelling and language are found, but these are minor 
matters. The general concepts are good, and the approach to the subject is 
that of a highly capable scholar. 

Bacteria. By Stanley Thomas and Thomas H. Grainger. The Blakiston 
Company, New York, 1952. Pp. 623. Price $5.50. 

The authors of this book have done an exceptionally good job in developing 
an interesting and instructive text that should prove highly useful in colleges 
and universities. The 35 chapters cover a wide range of topics, including not 
only taxonomy, morphology, and cytology of bacteria and their respiration, 
nutrition, metabolism, and ecology, but enzymes, rickettsiales, virales, bac- 
teriophages, bacteria in soil, water, sea, sewage, air, foods, and industry, and 
pathogens, immunity, chemotherapy, antibiotics, and bacterial warfare. A num- 
ber of excellent illustrations, designed to show bacteriology in practice, are 
included. Long lists of references are given at the ends of the chapters, and the 
appendix contains a classification of bacteria. The authors are to be congratu- 
lated on having succeeded in presenting the subject in such an attractive manner. 

DDT and Newer Persistent Insecticides. Second Edition. By T. P. West and 
G. A. Campbell. Chemical Publishing Co., Inc., New York, 1952. Pp. 632, 
plates 13. Price $8.50. 

DDT (dichloro-diphenyl-trichloroethane) was first made in 1874, but it was 
not used as an insecticide until 1939, when Paul Muller of the Basle laboratories 
of J. R. Geigy S. A. discovered its great value. The authors deal with the original 
researches on DDT, its manufacture, principles of formulation, use in paints, 
textiles, and paper, and against lice, mosquitoes, and a great variety of other 
insects affecting man, animals, and plants. Special attention is paid to the effect 
of DDT on beneficial insects, notably the honeybee. The authors indicate that 
it may be possible completely to eliminate the tsetse fly by the use of DDT. 
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Some 65 pages are devoted to benzene hexachloride, chlordane, toxaphene, and 
four new insecticides. References are appended to each chapter, and a supple- 
mental long list is given in the appendix, complete to 1948. The plates merit 
special mention. The book is an excellent reference work for all those who have 
to do with direct or indirect effects of these insecticides. 

A Dutch Fork Farm Boy. By J. M. Eleazer. University of South Carolina 

Press, Columbia, 1952. Pp. 154, plates 5. Price $3.50. 

For those who were born on a farm out in the open country 50 or more years 
ago, this book will bring back many memories of the days when boys went bare- 
footed, walked a mile or so to school, took plenty of time off for fishing, watched 
the first automobile go by, and enjoyed a great variety of Nature's fruits fresh 
from vine, bush, or tree. Those were the days of husking bees, community 
butchering, soap making, possum hunting, rabbit trapping, and occasional trips 
to the big city. They were also the days of the old oaken bucket, the village 
blacksmith, mud roads, and hoeing long rows of corn and cotton. All of these 
and the daily doings of one boy are amusingly reported in this delightfully 
told story. 

Genetics in the 20th Century. Edited by L. C. Dunn. The Macmillan Company, 

New York, 1951. Pp. 634. Price $5. 

The invitation papers presented on the program of the Golden Jubilee of 
Genetics at The Ohio State University, Columbus, September 11-14, 1950, 
make up this volume. The speakers were Goldschmidt, litis, Zirkle, Castle, 
Muller, Sturtevant, Mather, Mirsky, Caspersson, Schultz, Irwin, Beadle, 
Ephrussi, Lederberg, Sonneborn, Darlington, White, Snyder, Penrose, Gowen, 
Little, Miintzing, Lush, Walker, Mangelsdorf, Dobzhansky, and Huxley. Gold- 
schmidt, speaking on ^‘The Impact of Genetics on Science," drew attention to 
the rapid developments in this science during the last 50 years and their impact 
on every branch of biology. Huxley, speaking on ‘^Genetics, Evolution, and 
Human Destiny," pointed out that the most significant characteristic of the 
process of natural selection was that it continued to reveal new possibilities 
inherent in living matter. He concluded that geneticists may well be proud of 
the part they have played in developing new concepts of human destiny, that 
ignorance is one of the chief obstacles to human advancement, that we need 
more well-integrated human personalities, and that we can look forward with 
optimism to a reconciliation of the world's warring political and social ideologies. 
This is an important book that merits wide reading. Long lists of excellent 
references are appended to many of the papers. 

Improving the World's Grasslands. By A. T. Semple. Leonard Hill Limited, 

London, 1952. Pp. 147, figs. 107. Price, paper-bound, 10/6. 

The author of this book is agricultural officer of the animal production branch 
of the FAO. He was assisted by about 50 contributors. The 10 chapters deal 
with importance of grassland, place of grass in agriculture, rangeland improve- 
ment, livestock management, seeding and fertilizing, mechanical treatment and 
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burning, national grassland programs, fodder from trees and shrubs, supple- 
mental feeding, and need for research. The illustrations constitute one of the 
most interesting parts of the book. A list of references is appended to each 
chapter. 

Isotopes. United States Atomic Enei'gy Commission, Oak Ridge, Tennessee, 

1951. Pp. 451. Paper-bound. 

This is a 5-year summary of distribution of isotopes, with a bibliography of 
1,402 papers. Among the many matters discussed are isotope distribution, pro- 
duction, processing, stockpiling, procurement, allocation, export, import, train- 
ing in techniques, and possible future uses. The appendix contains tables of 
isotope distribution and lists of published papers in relation to the use to which 
the isotopes are being put. 

Laboratory Manual for General Bacteriology. Fourth Edition. By George L. 

Peltier, Carl E. Georgi, and Lawrence F. Lindgren. John Wiley and 

Sons, Inc., New York, 1952. Pp. 293. Price, board cover, spring back, $3.05. 

The 60 laboratory exercises in this text are designed to meet the needs of 
students of diverse interests, with special reference to bacterial functions. Each 
exercise outlines the purpose, indicates materials required, shows procedure, 
calls for record of results, asks some questions, and gives some references for 
supplemental reading. The exercises cover structure, chemical composition, 
metabolism, factors influencing growth, and sanitary, dairy, food, soil, and 
disease-producing microorganisms. The appendixes contain illustrations of de- 
scriptive terms, formulas for staining solutions, reagents, and media, bibliog- 
raphy, and index of microorganisms. This is an excellent laboratory manual. 

Manures and Fertilizers. By British Ministry of Agriculture and Fisheries. 

Chemical Publishing Co., Inc., New York, 1952. Pp. 95. Price $2.50. 

The first issue of this publication was in the form of a bulletin designed to 
aid in better use of manures, fertilizers, and soil amendments on British farms. 
Now in book form, about half of it is devoted to the preservation and use of 
animal manures, various other kinds of organic wastes, and green manures. 
Instructions are given for storing urine and for producing artificial manures 
from straw. A discussion of seaweeds is of special interest. White mustard or 
green globe turnips, with or without rape, are suggested for heavier land as 
summer green-manures following fallow. Recommendations are made for the 
use of fertilizers on each of the more important crops. Special instructions for 
storing fertilizers are given. The appendix contains an abstract of the British 
fertilizers and feeding stuffs act. The book is of particular interest for compari- 
son with manuring and fertilizing practices in the United States. 

The Origin of Life and the Evolution of Living Things. By Olan R. Hyndman. 

Philosophical Library, New York, 1952. Pp. 648. Price $8.75. 

The purpose of the author of this highly illuminating philosophical discussion 
on evolution is to develop the theory of multiple and continuous changes in 
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germ plasm as a result of the continuous operation of environmental influences. 
Cause and effect relationships are said to apply to development of living things 
in much the same manner as they do to happenings in chemistry and physics 
in the inanimate world. The author cannot accept the concept of fortuitous 
mutation which tends to dominate the point of view of most biologists. The 
four sections of this well-reasoned presentation deal with hypotheses concerning 
the origin of living matter, the various mechanisms involved in reproduction, 
past and present theories of evolution, and the proposed theory with which 
the book is primarily concerned. The final chapter presents a very interesting 
statement on senescence and death of the individual. A bibliography of 39 
references is appended. This is an important book. 

Pathology in Forest Practice, Second Edition. By Dow Vawter Baxter. John 

Wiley and Sons, Inc., New York, 1952. Pp. 601, figs. 224. Price $7.50. 

The 10 chapters in this book deal with the nature of disease in forests, the 
damage resulting therefrom, the relation of practice to disease incidence in 
nurseries and mature forests, shade and park tree diseases, handling of forest 
products, and wood discolorations. The new edition gives recent information 
on pole blight in the northern Eocky Mountains, dieback in New England 
birch, little-leaf disease in the Piedmont, virus diseases, and the use of DDT and 
2,4-D. The material is well presented. The illustrations are excellent and well 
chosen. A long list of references is appended to each chapter. Considerable 
attention is given to tree adaptation in relation to soil and climatic conditions. 
An exceptionally good index is appended, in which one can find a reference to 
almost any pathological or related matter on trees that may be of interest to 
him. The book should prove a very welcome addition to modern literature in 
this field. 

Poisons, Their Chemical Identification and Emergency Treatments, By Vincent 

J. Brookes and Hubert N. Axyea. D. Van Nostrand Company, Inc., 

New York, 1946. 

Extensive use of poisonous materials for the control of farm pests requires 
that more soil-plant scientists be advised concerning the possible effects of 
these materials on humans and the best means of treatment in case of emer- 
gency. Although the authors of this book were not especially concerned with 
agricultural poisons, their general treatment of the subject provides much useful 
information. It is interesting to note that of the deaths reported from poisoning, 
the largest percentage of the suicides are from illuminating gas and the greatest 
proportion of accidental deaths from alcoholism. But there are a number of 
cases of accidental poisoning from cyanides, arsenicals, sodium fluoride, carbon 
tetrachloride, and a variety of related compounds. The book has great value 
for ready reference. 

Principles of Geochemistry. By Brian Mason. John Wiley and Sons, Inc., 

New York, 1952. Pp. 276, figs. 42, Price $5. 
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This highly interesting and infomaative book has for its purpose the study 
of the relative and absolute quantities of the elements and atomic species in 
the earth and of their distribution and migration. Following an explanatory 
introduction, the several chapters deal with the earth in relation to the uni- 
verse, structure and composition of the earth, thermodynamics and crystal 
chemistry, magmatism and igneous rocks, sedimentation and sedimentary rocks, 
the hydrosphere, atmosphere, and biosphere, metamorphism and metamorphic 
rocks, and the geochemical cycle. To uncover the laws that control the dis- 
tribution of the individual elements requires a study of large masses of analytical 
data on terrestrial material, meteorites, and other cosmic bodies and considera- 
tion of the earth’s interior. The data and conclusions in the book are of great 
interest and value to soil scientists. A very useful list of selected references is 
appended to each chapter. 

Reclamation in the United States, By Alfbed R. Golze. McGraw-Hill Book 

Company, New York, 1952. Pp. 437. Price $8. 

The author of this book is director of programs and finance for the Bureau 
of Reclamation. The discussion largely concerns irrigation of arid lands and 
the many related problems. The area of such land was set at approximately 25 
million acres in 1949. The several chapters have to do with economics, law, 
agencies, projects, river-basin development, cost allocations, repayment by 
farmers, power companies, and others, cost estimating, accounting, settlement, 
operation, and maintenance. The appendix shows irrigation statistics by states. 
This is the most comprehensive and readable review of the subject that has 
come to our attention. 

Rural Brazil at the Crossroads, By H. Meijer. H. Veenman and Zonen, Wagenin- 

gen. The Netherlands. Pp. 208, maps 3, figs. 13. Price $2.50. 

This book outlines the early history of rural Brazil and, with this as a back- 
ground, indicates what changes must take place and why, how these changes 
could be stimulated, some of the favorable and unfavorable factors, develop- 
ments that would be most advantageous to the country, and probable conse- 
quences of such developments. The author points out that Brazil has a larger 
area than the United States, including Alaska. Its climate is predominantly 
tropical. Its population, totaling 53 million, is 30 per cent Latin white, 30 per 
cent mulattoes, and 15 per cent Indians. The people are said to lack “team 
spirit,” “staying power,” and “moral courage.” There is need for widespread 
education, notably among the black races, “Most of the land now under cultiva- 
tion needs continual gifts of manure, complemented by considerable amounts 
of fertilizers, to give regular crops and preserve the topsoil. Only a small part 
of the potential agricultural lands is used as such.” About 90 per cent of. the 
cultivated area, totahng 17 million acres, is devoted to cotton, rice, coffee, 
sugar cane, beans, manioc, and maize. Brazil is the first cattle-raising country 
of South America and the third in the world. Protection of the soil against 
wind and water erosion is of greatest importance. It is suggested that concen- 
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tration of intensification should be made near urban centers. Credit facilities 
should be improved. Better living conditions are needed. 

Soil Development By Edward H. Faulkner. University of Oklahoma Press, 

Norman, 1952. Pp. 232. Price $3. 

Income from the sale of 340,000 copies of “Plowman’s Folly” made it pos- 
sible for the author to devote more time to travel, reading, and experimentation 
in preparation for the publication of three additional books, of which this is the 
latest. In this book he develops the thesis that it is not necessary to use lime, 
fertilizer, compost, or any other soil amendment, save the refuse of crops and 
cover crops. These crop wastes are worked into the surface soil rather than 
being plowed under. During the first 4 years of this program on his experi- 
mental farm, the crops were not impressive, and considerable trouble was 
experienced with insects and diseases. In the fifth 3 ^ear, however, tomatoes 
yielded at the rate of 21 tons an acre, and head lettuce gave excellent results. 
Mexican bean beetles passed his plantings by in favor of those of his neighbors. 
The author does not advise against the use of fertilizers. Rather, he suggests 
that farmers would do well to use them while bridging the gap between plow- 
plus-mineral economy and that of the toolbar cultivator-plus-crop refuse. When 
this change has finally been effected, crop yields, he believes, will be higher 
and food will be better and cheaper. 

Soil Physical Conditions and Plant Growth. Edited by Byron T. Shaw. Ameri- 
can Academic Press, Inc., New York, 1952. Pp. 491, figs. 96. Price $8.80. 

This is volume 2 of a series of monographs prepared under the auspices of 
the American Society of Agronomy. The material was compiled by the Joint 
Committee on Tilth of that Society and the American Society of Agricultural 
Engineers. The contributors are L. T. Alexander, R. M. Hagan, J. F. Lutz, 
T. M. McCalla, H. E. Middleton, L. A. Richards, S. J. Richards, M. B. Russell, 
Byron T. Shaw, and C H. Wadleigh. The papers deal with soil as a physical 
system, mechanical impedance and plant growth, and soil water, soil aeration, 
and soil temperature and plant growth. The material is well arranged and pre- 
sented and constitutes a highly important contribution to the literature in this 
field. A bibliography of about 400 very useful references is appended. 

Soils and Soil Fertility. By Louis M. Thompson. McGraw-Hill Book Company, 

Inc., New York, 1952. Pp. 339, figs. 136. Price $5. 

The author designed this book for use in teaching the subject on a one- 
semester basis at Iowa State College. The point of view of every author in the 
agricultural field is determined largely by the environment in which he is ex- 
perienced. That applies to this book. It covers the nature and properties of 
soils, physically, chemically, biologically, and mineralogically, and the prac- 
tices and amendments that are applied to them to maintain and increase their 
productivity. The illustrations are well chosen and add greatly to the value 
of the book, as do the 132 tables of very informative experimental data. The 
author is to be congratulated on having developed such an attractive and ex- 
cellent textbook. 
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Spectrochemical Procedures. By Ghaeles E. Harvey. Applied Research Labora- 
tories, Glendale, California, 1950. Pp. 402. Price $7.50. 

The author of this book has rendered an exceptional service in carefully 
describing and illustrating the techniques employed in spectrographic procedures 
and in offering many suggestions that are of great aid in making and recording 
the analyses. He defines the terms employed, describes the instruments, tells 
how to calibrate, gives the general features of the spectra of various elements, 
advises on qualitative, semiquantitative, and quantitative procedures, gives 
directions on establishing standards, shows how calculations are made, indi- 
cates the variables to be dealt with, and gives instructions on setting up a 
laboratory. It is quite apparent that the author has had abundant experience 
in this method of analysis. The book gives the clearest presentation of the 
subject of any so far reviewed. 

Textbook of Electrochemistry. Volume 1. By G. Kortum and J. O'M. Bockris. 

Elsevier Publishing Company, New York, 1951. Pp. 351, figs. 48, Price $7. 

This translation and revision of the second (1949) German edition of Kor- 
tiim's ‘‘Lehrbuch der Electrochemie" is designed for university students. The 
first two chapters outline the general principles of electrochenaistry and the 
derivations of the fundamental equations. These are followed by chapters on 
solvation of ions, weak and strong electrolytes, theory of interionic attraction, 
application of conductance measurements, electromotive force, applications of 
potentiometric measurements, and equilibria in solutions of weak electrolytes. 
A second volume, to appear later, will deal with electrical phenomena at inter- 
faces, irreversible electrode processes, gases, and experimental methods, with 
appended tables of physicochemical quantities. The chapter on potentiometric 
applications in volume 1 is of special interest to soil-plant scientists, particu- 
larly the material on significance of pH, quinhy drone, glass and oxide electrodes, 
and oxidation-reduction reactions. This is a highly valuable reference book. 

Water. By Cyril S. Fox, The Philosophical Library, Inc., New York, 1952. 

Pp. 148, figs. 4, plates 25, Price $8.75. 

The author deals with the properties, circulation, and utilization of water in 
this book, first of a series on geology of water supplies, water treatment, sewage 
disposal, water supplies of towns, construction of water works, drilling rigs, 
and wells. A large quantity of very useful data has been assembled. Included 
among these data are analyses of fresh, lake, runoff, and sea waters, compari- 
son of properties of ordinary and heavy waters, output of important rivers, 
precipitation at various locations, and properties and discharges of filter beds. 
The plates show excellent views of important natural water supplies and con- 
struction for their control, such as Niagara Falls, Victoria Falls, Grand Coulee 
Dam, and various hot springs. Among the figures are one of a coastal plain 
water supply, another of a silted-up valley, and a third of the Tennessee Valley 
profile. The material is presented in a semipopular form. The book should be 
of much interest to a considerable variety of scientists. 


The Editors 
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Experience has shown that estimates of the clay mineral composition of soils 
are most reliable when they are based on measurements of several properties. 
In this study, estimates of the mineralogical composition of four soils from 
southern New York were made by comparing several properties of the soil clay 
with those of reference clay minerals. The properties used in these comparisons 
were differential thermal analysis, ethylene glycol retention, total potassium 
content, cation-exchange capacity, and x-ray analysis. 

IVIATERIALS AND METHODS 

The soils studied were the Bath, Mardin, Volusia, and Chippewa, all members 
of an important drainage catena from southern New York. Each of the soils has 
been developed under forest vegetation on late Wisconsin till derived from acid 
gray sandstones and shales. The climate in Tompkins and Tioga Counties where 
these samples were collected is cool and humid. The profile characteristics at the 
depths at which the samples were taken are described briefly in table 1. 

Samples of montmorillonite, kaolinite, illite, chlorite, and vermiculite were 
obtained from commercial sources.^ These minerals were examined with respect 
to each of the several properties listed and were used as standards in the estima- 
tion of the mineralogical composition of the soil clays. The montmorillonite, 
kaolinite, and illite reference minerals used are from type localities listed by Kerr 
etal (5). 

Material <5.0 y. was separated from each sample of montmorillonite, kaolinite, 
and illite by gravity sedimentation after dispersion with Na 2 C 03 and a mechani- 
cal stirrer. The fractionation was repeated five times and gave a suspension which 
contained more than 95 per cent of the material <2.0 y that was present in the 
original samples. This suspension was divided into subsamples having sizes 2-1, 
1-0.5, 0.5-0.2, and <0.2 y as calculated on the basis of effective settling diame- 
ters. The first of these size classes was separated from the bulk suspension by 
repeated gravity sedimentations. The others were obtained by use of a Sharpies 
supercentrifuge. In each case the separations were repeated until a mechanical 

^ Montmorilionite: WyoDaing volclay from American Colloid Co., Chicago. Kaolinite: 
Peerless 2, Bath, S. C., from R. T. Vanderbilt Co., New York City. Illite: Grundite, 
Goose Creek, Illinois, from Illinois Clay Products Co., Joliet. Chlorite: Chester, Vt., 
from Wards Natural Science Est., Rochester, New York. Vermiculite r from Wards Natural 
Science Est., Rochester, New York. 
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analysis showed that less than 10 per cent of the material within the subsample 
was beyond the specified limits. The chlorite and vermiculite were merely ground 

TABLE 1 

Profile descriptions of four southern New York soils 


SAMPI.I: 

NUMBER 

profiij: 

HORIZON 

SAMPLING 

DEPTH 

Bi 

Bath silt loam (well- 

Ap 

inches 

2~8 

Ba 

drained, moderately 
developed gray- 
brown podzolic) 

Ba 

14-18 

B, 


B, 

20-24 

B. 


c 

30+ 

Ml 

Mardin silt loam (mod- 

Ap 

2-4 

M2 

erately well drained, 
weakly developed 
gray-brown podzolic) 

Ba 

8-10 

Ml 


TJ* 

11-14 

M. 

i 

Bj2 

20-24 

M, 


C 

40+ 

Vi 

Volusia silt loam, 

Ap 

1 2-4 

V. 

(poorly drained, low- 
humic glei) 

BGi 

7-10 

V, 


BGi 

14-18 

V 4 


C 

36+ 

Cl 

Chippewa silty clay 

Ap 

2-6 

c. 

loam (very poorly 
drained, humic glei) 

G 

10-14 

c, 


CG 

24+ 


DESCXIPTION 


Brown. Loose crumb structure 


Yellowish brown with weak fine crumb 
structure. Friable 
Light yellowish brown. Firm 
Grayish brown, firm, medium thick, 
platy glacial till 

Grayish brown. Loose and friable 


Yellowish brown. Very friable. Well 
aerated and rich in iron oxides 
Light yellowish brown mottled with 
yellowish brown and light brownish 
gray. Weak crumb structure 
Gray mottled with yellowish brown. 
Very firm. Dense 

Grayish brown, firm, weaMy platy 
glacial till 

Gray. Fairly loose. Grayish brown with 
very weak medium, crumb structure 

Blocky structure. The insides of blocks 
are mottled gray and yellowish brown 
Light brownish gray with weakly mod- 
erate, coarse blocky structure 
Grayish brown, hard, coarse platy 
glacial till 

Very dark gray. Organic matter in 
various stages of decomposition mixed 
with silt 

Dark gray. Essentially like A, but less 
organic matter. Material somewhat 
compact with slight rust mottling 
Gra 3 dsh glacial till, virtually un- 
weathered 


♦ The g indicates slightly gleied. 

to pass a SOO-mesh screen. After fractionation, all samples were treated with 
H 2 O 2 to remove organic matter and were saturated with calcium from calcium 


I 



CLAY MINEEAI^ IK SOME NEW YORK SOIIiS 


269 


acetate* After removal of excess salts with 95 per cent ethyl alcohol, the samples 
were air-dried, ground to pass a 100-mesh sieve, and stored in a closed chamber 
at a relative humidity of 31 per cent. 

The differential thermal analyses were made with an apparatus patterned after 
that described by Kerr et at (5).^ Medium sensitivity and a heating rate of 12.5® 
per minute were used. Temperature checks were provided at 576, 810, and 890®C. 
by a reference mixture composed of equal weights of quartz and BaCOg. Where 
necessary, the thermal curves of the unknown samples have been adjusted to fit 
these reference points. After completion of each differential thermal ran, the 
sample was allowed to cool to approximately room temperature and then re- 
heated to 700°C. This rerun was used as a base line for the initial curve and also 
as a means of detecting the presence of quartz, which undergoes a reversible 
endothermic reaction at 575®C. 

The hydratable surface of the soil clays and reference clay minerals was deter- 
mined by the ethylene glycol retention method of Dyal and Hendricks (1). Best 
results were obtained when this measurement was conducted in a lighted room at 
a constant temperature of 25°C. 

The total potash content of the samples and reference materials was determined 
by the J. L. Smith fusion procedure (6, pp. 748-762). The sintered mass was dis- 
solved to give a known volume of solution, and potassium was determined by 
means of a Perkin-Elmer flame photometer. 

Cation-exchange capacity was determined by an ammonium acetate leaching 
procedure (7, pp. 9-11). The samples were first saturated with NHj by use of 
1.0 N am m onium acetate at pH 7.0, and the excess salt was removed by leaching 
with 95 per cent ethyl alcohol. The NHf after having been removed with an 
acidified 10 per cent NaCl solution was determined by nesslerization. 

X-ray patterns were obtained on representative samples with an x-ray spec- 
trophotometer. The samples were pretreated to remove iron oxides and were 
saturated with glycerol. 

RESULTS 

The particle size distribution of the several profile samples and of the three 
principal clay minerals studied is summarized in table 2. This shows that the 
amount of material greater than 2.0 mm. ranges from about 15 to 50 per cent in 
each of the profiles except the Chippewa. This percentage tends to increase with 
depth m the profile. In the Bath, Mardin, and Volusia profiles the percentage silt 
shows a rather consistent decrease with depth, whereas in the Chippewa it is 
largely independent of the depth of sampling. The clay content tends to decrease 
with depth in the Bath, Volusia, and Chippewa profiles but is not consistent in 
the Mardin. 

The total clay is rather uniformly distributed among the four subfractions, 
although there is some tendency for the proportion in the finest fraction to be 
greater in those samples having the highest total clay content. The kaolinite and 

® The authors are indebted to T. W. Lamb for use of the excellent differential thermal 
equipment in his laboratory at the Massachusetts Institute of Technology. 
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illite also are fairly uniformly distributed throughout the four size classes, 
whereas the montmorillonite distribution is highly skewed toward the finer end 
of the clay fraction. 

The differential thermal curves for the reference clay mineral samples are 
shown in figures 1 and 2. These curves, which are typical for the reference min- 
erals used, show characteristics that are essentially independent of particle size. 
The irregularities in curve ID suggest the presence of fine-grained impurities in 
this sample. In the same curve the shift of the 600°C. endothermic reaction to a 
slightly lower temperature suggests a reduction in the degree of crystallinity of 

TABLE 2 


Mechanical analysis of soils and reference clays 


SAMPLE 

DEPTH 

STONES, 

>2.0 

MM. 

SAND, 

2000-50 

SILT,* 
50-2.0 ti 

CLAY 

Total 

2-1 ja 

1-0.5 jti 

0.5-0.2 

<0.2/i 


inches 

% 

% 

% 

% 

% 

% 

% 

% 

Bath 1 

2-8 

18.4 

8.8 

54.0 

18.8 

3.9 

4.9 

4.5 

5.5 

2 

14-18 

30.7 

8.6 

47.5 

13.2 

4.7 

5.0 

2.0 

1.5 

3 

20-24 

30.1 

24.9 

39.0 i 

6.0 

2.0 

2.1 

0.3 

1.6 

4 

30-36 

40.2 

13.5 

35.4 

10.9 

3.4 

3.2 

1.5 

2.8 

Mardin 1 

2-4 

34.6 

15.3 

35.6 

14.5 

3.4 

2.2 

4.0 

4.9 

2 

8-10 

29.3 

16.8 

38.7 

15.2 

3.8 

2.1 

4.4 

4.9 

3 

11-14 

26.9 

24.8 

37.0 

11.3 

2.8 

1.1 

3.8 1 

3.6 

4... 

20-24 

48.8 ; 

14.0 

23.3 

13.9 i 

2.6 

1.6 

4.7 

5.0 

5 

40-46 

39.9 

19.0 

25.3 

15.8 

2.9 

1.8 

5.7 

5-4 

Volusia 1 . 

2-4 

14.8 

7.9 

56.3 

' 21.0 

4.7 

5.5 

4.1 

6.7 

2 

7-10 

11.5 

9.4 

1 60.9 

18.2 

4.2 

5.8 

! 4.0 

4.2 

3 

14r-18 

33.3 

10.0 

: 42.5 

14.2 

! 3.4 

3.3 

2.4 

5.1 

4 

36-40 

52.5 

8.7 

23.8 

15.0 

3.7 

4.1 

2.5 

4.7 

Chippewa 1 

2-6 

<0.5 

23.2 

56.8 

20.0 

3.6 

1.7 

6.6 

8,1 

2 

10-14 

5.0 

23.6 

55.2 

16.2 

4.0 

4.7 

2.0 

5.5 

3 

i 24-30 

9.5 

18.0 

55.0 

17.5 

4.6 

3.8 

3.7 

5.4 

Kaolinite 

— 


— 

— 

100 

19.2 

29.2 

27.2 

24.4 

Illite 

— 

— 

— 

— 

100 

26.5 

25.4 

13.5 

34.6 

Montmorillonite 

— 

— 

— 

— 

100 

2.7 

16.5 

22.8 

58.0 


* Silt by difference. 


the finely divided kaolinite. The shift of the endothermic reaction of montmoril- 
lonite from 750 to 700°C. in cmve IG is generally interpreted as the result of 
an increased substitution of iron in the crystal lattice. The curves for illite shown 
in figure 2 are in general agreement with those that have appeared in the litera- 
ture, The small exothermic reactions in the neighborhood of 350®C. shown in 
curves 2C and 2D suggest that hydrated iron or aluminum oxides may be present 
in the finer fractions of illite. 

Curve 2E shows that in mixtures of kaolinite and illite, the 600®C. kaolinite 
reaction completely masks the smaller illite reaction that occurs at about the 
same temperature. The 875^0. illite peak, however, is unaffected by the presence 
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of kaolinite and is useful as an indication of the amount of illite present. Curve 
2F shows that in mixtures of illite and montmorillonite there is little or no inter- 
action between the 600°C. reaction of illite and the 740°C. reaction of montmoril- 
lonite. Curve 2G shows that in mixtures containing all three of the principal clay 
minerals no additional interactions occur other than that between kaolinite and 
illite previously discussed. 

The differential thermal curves for the Bath profile, taken as representative 
of the soil clays, are shown in figure 3. The general similarity of all the curves is 



Fig. 1. Difpeebntial Thermal Curves for the Reference Clays Kaolinite 

AND Montmorillonite 

A, kaolinite 2-1 pt; B, kaolinite 1.0-0 .5 m; C, kaolinite 0.5-0.2 m; kaolinite <0.2 m; 
E, montmorillonite 1.0-0.5 m; F, montmorillonite 0.5-0.2 m; G, montmorillonite <0.2 m- 

at once apparent, indicating that there are no marked differences in mineralogi- 
cal composition among the four soils or between depth or size fractions within 
the soils. The absence of the sharp endothermic peaks at 600°C. and about 
740°C. indicate that kaolinite and montmorillonite are not major constituents 
of these soil clays. It has been shown that 10 to 15 per cent of either of these min- 
erals can readily be detected from differential thermal curves (3). It is concluded, 
therefore, that kaolinite and montmorillonite, if present, are in amounts less 
than 10 per cent. 
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The broad endothermic reactions having a minimum at 550° to 600°C: are 
attributed to lUite, although in some instances chlorite might be present. The 
exothermic reaction in the 700-850°C. region is ascribed to chlorite because, 
although siderite also gives an exothermic peak in this region, CO 2 determina- 
tions indicated that carbonates were not present. 

The endothermic and exothermic peaks in the range from 300--500°C. which 
are most prominent in the finer fractions of the soil clays are attributed to hy- 
drated oxides of iron and aluminum. The dotted rerun curves for the course clay 



•c. 

Fig. 2. Differential Thermal Curves for the Reference Clat Ilmte and 
Mixtures op Reference Clays 

A, illite 2~1 fi; B, iliite ft; C, illite 0.5-0 .2 fi; D, illite <0.2 fi; B, two-thirds illite, 

one-third kaolinite (0. 5-0.2 ft) ; F, two-thirds illite, one-third montmorillonite (0. 5-0.2 ft) ; 
G, one-third illite, one-third kaolinite, one-third montmorillonite (0,5“0.2#<), 

fractions show a dip at 575°C., indicating the presence of quartz. Several such 
samples were rerun at high sensitivity and from the resulting curves it was esti- 
mated that the amount of quartz present was approximately 10 per cent. 

The ethylene glycol retention data for the fractionated soil clays and the ref- 
erence clay minerals are summarized in table 3. Except for the normal increase 
in internal surface with decreasing particle size, there seem to be no consistent 
trends in the internal surface area calculated from the glycol retention data. In 
two of the <0.2 ft samples the ethylene glycol retention of the heated specimen 
exceeded that of the unheated sample. Since these two samples also had abnormal 


CLAY MLNEEALS IN SOME NEW YOEK SOILS 


273 


differential thermal cnrves, it was concluded that they contained some contami- 
nating substance. The internal surface areas of the vermiculite and chlorite 
samples that had been ground to pass a 300-mesh screen were 122 and 40 sq. m. 
per gram, respectively. 

The total potash contents of the soil clays and of illite are summarized in table 
4. These data indicate that many of the soil clays contain a higher percentage of 



Fig. 3. Dipfbkential Thermal Curves for the Bath Profile 
A, sample Bi 2-1 B, sample Ba 2-1 /x; C, sample Bj 2-1 n; D, sample B 4 2-1 ft; E, 
sample Bi 1-0.5 /x; F, sample B 2 l-O-S /x; G, sample Bj 1-0.5 ix; H, sample B 4 1-0.5 n; I, 
sample Bi 0.5-0.2 jx; J, sample B 2 0 . 5 -O .2 ^e; K, sample B* 0.5-0.2 m; B, sample B 4 0 . 5-0 2 jx; 
M, sample Bi < 0.2 ji; N, sample B 2 <0.2 fi; 0, sample Bj <0.2 ju; P, sample B 4 <0.2 

potash than did the sample of illite used as a reference material. Grim ei ah (2) 
have reported that the potash content of illite ranges from 4J to 6.9 per cent and 
that of ‘^iUite-like” minerals ranges up to 9.5 per cent. The soil clays, therefore, 
are still well within the range of illite. There was a tendency for the potash con- 
tent to increase with' depth for all the profiles. In most of the samples the total 
potash content was lowest in the <0.2 pt fraction. 

The cation-exchange capacity data, summarized in table 5, also show an in- 


TABLE 3 


Ethylene glycol retention and calculated internal surface areas for soil and reference clays 

Per gram 


SAiCPUE 

2-1 ft 

1.CM).5 

O.S-0.2 fx 

<0.2 At 

Glycol 

retention 

In- 

ter- 

nal 

sur- 

face 

Glycol 

retention 

Inter- 

nal 

sur- 

face 

Glycol 

retention 

Inter- 

nal 

sur- 

face 

Glycol 

retention 

Inter- 

nal 

sur- 

face 

Unheated 

o 

gs 

w 

Un- 

heated 

Heated to 
600“ 

Un- 

heated 

Heated to 
600“ 

Un- 

heated 

o 

gs 

w 


mgm. 

mgm. 

sq. m. 

mgm. 

mgm. 

sq. m. 

mgm. 

mgm. 

sq. m. 

mgm. 

mgm. 

sq. m. 

Bath 1 

24.7 

8.3 

52.9 

33.8 

14.4 

62.6 

35.0 

19.8 

49.0 

78.1 

24.6 

173 

2 

22.3 

8.9 

43.2 

31.6 

13.0 

60.0 

39.6 

20.4 

61.9 

84.5 

28.6 

180 

3 ; 

21.6 

6.0 

50.3 

22.4 

11.6 

34.8 

42.1 

18.4 

76.4 

72.0 

34.3; 

122 

4. 

11.0 

3.7 

23.5 

17.9 

5.4 

40.3 

25.3 

8.1 

55.5 

56.8 

21.3 

114 

Mardin 1 

25.2 

9.4 

51.0 

24.5 

8.3 

52.2 

35.4 

13.0 

72.3 

56.6 

43.5 

42.2 

2 

22.0 

5.7 

52.6 

29.4 

11.3 

58.4 

34.5 

14.9 

63.2 

62.4 

27.6 

112 

3 

13.4 

3.1 

33.2 

19.2 

5.7 

43.5 

26.0 

7.8 

58.7 

48.0 

23.3 

79.7 

4 

14.1 

2.9 

36.1 

24.2: 

3.8 

65.8 

29.4 

8.0 

69.0 

73.0 

14.2 

190 

5 

16.5 

3.0 

43.5 

27.6 

6.9 

66.8 

39.0 

9.0 

96.8 

69.8 

29.2 

131 

Volusia 1 

14.8 

9.1 

18.4 

23.6 

7.2 

52.9 

35.2 

13.0 

71.6 

66.9 

32.1 

112 

2 

15.7 

4.3 

36.8 

14.8 

5.2 

31.0 

23.7 

8.9 

47.7 

60.4 

26.7 

109 

3 

14.5 

10.4 

13.2 

23.5 

5.0 

60.0 

32.7 

— 

— 

74.6 

23.1 

166 

4 

15.1 

4.3 

34.8 

19.6 

5.0 

47.1 

24.3 

6.5 

57.4 

46.3 

24.7 

70.0 

Chippewa 1 

18.8 

8.4 

33.5 

21.2 

7.1 

45.4 

28.1 

13.2 

48.1 

44.4 

57.6 


2 

15.0 

4.2 

34.8 

18.8 

6.7 

39.0 

32.9 

8.7 

78.0 

48.7 

43.6 

16.5 

3 

11.3 

4.3 

22.6 

18.1 

4.7 

43.2 

33.9 

8.6 

81.6 

65.1 

22.7 

137 

Kaoliuite 

7.6 

2.6 

16 

8.5 

2.6 

19 

13.5 

5.3 

26 

13.0 

47.2 


Illite 

39.0 

19.5 

63 

44.9 

19.3 

83 

53.0 

23.5 

95 

45.2 

25.5 

64 

Montmorillonite 

— 

— 

— 

226 

28.0 

639 

259 

30 

739 : 

236 

8.0 

736 


TABLE 4 


Total potash content of fractionated soil clays and illite 


SAMPLE 

KjO CONTENT 

2-1 At 

1-0.5 At 

0.5-0,2At 

<0.2 A* 


% 

% 

% 

% 

Bath 1 

3.7 

3.8 

3.8 

3.0 

2 

3.8 

3.9 

3.6 

3.2 

3 

4.1 

4.6 

4.3 

2.5 

4. 

5.2 

5.9 

5.7 

4.9 

Mardin 1 

3.9 

4.3 

4.0 

2.8 

2 

3.9 

4.3 

4.0 

2.9 

3.. 

4.5 

5.3 

5.1 

4.1 

4 

4.8 

5.7 

5.8 

4.8 

5... 

4.9 

6.0 

5.9 

5.1 

Volusia 1 

6.3 

5.6 

i 5.2 

3.5 

2.... 

5.6 

5.9 

5.6 

3.8 

3.... 

5,4 

6.1 

5.9 

5.7 

4.... 

5.6 

6.0 

5.9 

5.0 

Chippewa 1 ............ . 

4.1 

4.8 

4.3 

2.1 

2... 

4.5 

5.4 

6.3 

4.3 

3 . . 

4.7 

5.9 

6.2 

4.8 

Illite 

4.5 

4.9 

4.8 

^ '4.4'.:,'v , 
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crease with decreasing particle size for all the samples examined. There were no 
significant changes in exchange capacity either with depth in the profile or among 
the four soils studied. Samples of chlorite and vermiculite that had been ground 
to pass a 300-mesh screen were found to have cation-exchange capacities of 10 
and 60 me. per 100 gm. respectively. 

j X-ray data were obtained on samples that represented the extremes in the 
other measured properties. The major constituents as evidenced by x-ray were 
illite, other hydrous micas, and chlorite. The amount of chlorite varied in pro- 
portion to the 700-850°C. exothermic reaction of the thermal curves. Quartz was 
found to be limited to the coarse clay, as indicated by differential thermal analy- 

TABLE 5 

Cation-exchange capacity of fractionated soil and reference clays 
In milliequivalents per gram 



2-ili 

1-0.5 /X 

0.5-0.2 PL 

<0.2 yU 

Bath 1 

15 

25 

24 

47 

2 

16 

11 

24 

25 

3 

12 

17 

24 

39 

4 

11 

16 

16 

40 

Mardin 1 

15 

15 

20 

37 

2 

18 

16 

26 

41 

3 

10 

22 

20 

30 

4 

14 

19 

28 

21 

5 

14 

17 

24 

47 

Volusia 1 

12 

16 

29 

41 

2 

16 

9.1 

29 

26 

3 

15 

13 

15 

42 

4... 

14 

13 

24 

36 

Chippewa 1 

20 

28 

26 

28 

2. . 

12 

12 

17 

31 

3 

6.1 

16 

16 

34 

Kaolinite 

1.3 

1.9 

3.7 

6.3 

Elite 

18 

22 

31 

27 

Montmorillonite 


47 

86 

85 




sis. Traces of feldspars were also found in the coarse clay. Again, kaolinite and 
montmorillonite were not found in appreciable amounts in the soil clays ex- 
amined. 

DISCUSSION 

One of the basic assumptions made in identification of minerals in soil clays is 
that the properties of those minerals are identical with those of a set of reference 
samples of known mineralogical composition. If such an equivalence of properties 
exists, it would be possible to establish accurately the mineralogical composition 
of a soil clay from measurements of as many properties of that clay as there are 
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mineralogical constituents in it. If it is further assumed that there are no more 
than three major clay minerals present in the soil clay and that the sum of these 
three equals 100 per cent, it then becomes possible to estimate mineralogical 
composition on the basis of two independent sets of measurements of properties. 

Since the data indicated that the properties of these soil clays were most like 
those of illite, an attempt was made to assign quantitatively the properties 
measured to the illite group. The illite percentages as calculated from the data 
obtained from differential thermal analysis, ethlene glycol retention, and cation- 
exchange capacity are shown in table 6. On the thermal curves, the 600*^0. endo- 
thermic reaction was attributed to illite. The percentage illite was calculated by 
using the ratio of the peak height of the unknown to that of the reference illite 

TABLE 6 


Percentage illite in fractionated soils clays calculated from differential thermal^ ethylene 
glycol retention, and cation-exchange capacity data 


SAMPU; 

PSOM BIFP£SENTIAL THERMAL 

FROM ETHYLENE 
GLYCOL RETENTION 

FROM CATION-EXCHANGE 
CAPACITY 

2-1 At 

1-0.5 At 

0.5-0.2At 

<0.2 Ai 

2-1 A* 

1-0.5 

A* 

0.5- 

0.2 At 

<0.2 

At 

2-1 At 

1-0.5 

At 

0.5- 

0.2 At 

<0.2 At 

Bath 1 

53 

78 

53 

75 

84 

76 

52 

65 

83 

100 

78 

65 

2 

69 

86 

67 

92 

69 

73 

65 

65 

89 

50 

78 

93 

3.. 

53 

78 

67 

>100 

80 

42 

80 

85 

67 

78 

78 

80 

4. 

47 

86 

87 

>100 

37 

49 

58 

85 

61 

72 

51 

75 

Mardin 1 

59 

64 

67 

100 

81 

63 

76 

66 

83 

68 

65 

80 

2 

53 

71 

80 

91 

84 

71 

66 

85 

89 

72 

84 

75 

3 

41 

86 

74 

>100 

53 

53 

62 

90 

58 

100 

65 

100 

4 

47 

86 

93 

>100 

57 

80 

73 

65 

78 

86 

90 

78 

5 

53 

100 

80 

100 

69 

81 

87 

85 

78 

78 

78 

65 

Volusia 1 

53 

64 1 

87 

100 

29 

64 

75 

85 

67 

72 

94 

75 

2 

47 

50 

73 

>100 

58 

38 

50 

85 

89 

41 

94 

96 

3.. 

41 

78 

87 

>100 

21 

73 

— 

70 

83 

59 

48 

72 

4 

59 

71 

87 

>100 

55 

57 

60 

91 

78 

59 

78 

80 

Chippewa 1 . . 

41 

78 

93 

33 

53 

55 

51 

— 

100 

90 

84 

100 

2 

57 

85 

93 

100 

55 

47 

82 

26 

67 

55 

55 

95 

3..... 

57 

93 

>100 

>100 

36 

52 

86 

85 

34 

78 

51 

95 


for the corresponding size fraction. In several of the <0.2 pL samples the peak 
height of the soil clay exceeded that of the reference illite. In aU such cases, the 
presence of a marked endothermic peak in the 650 to 850°C. region indicated 
that chlorite also was present. Since this mineral also gives an endothermic re- 
action at 600°C., it would reinforce the illite reaction at that temperature. 

For calculations based on ethylene glycol retention, the percentage illite was 
determined by using the ratio of the internal surface of the soil clay to that of the 
reference illite in the same size fraction. Again, in the <0.2 p fractions, it was 
impossible to assign all the surface to illite. The necessary surface could have 
been obtained by assuming the presence of montmorillonite to approximately 25 
per cent. The differential thermal curves, however, virtually elimi n ated the pos- 
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sibility of the presence of montmorillonite in such large amounts. It was not possi- 
ble to account for the extra surface by assigning it to chlorite, since the internal 
surface of this mineral is essentially the same as that of illite. It is entirely possi- 
ble, however, that the chlorite which is present or the iUite in these samples has 
ethylene glycol retention capacities greater than those of the particular reference 
samples that were examined. 

The ratio method was also used to estimate the percentage illite in the soil 
clays on the basis of cation-exchange capacity. It was again impossible to assign 
all of the observed exchange capacity to illite if it was assumed that the illite 
present in the soil clays had the same cation-exchange capacity as the reference 
sample examined. 

If the basic assumptions were valid, the percentages of illite calculated by the 
three methods would have been in agreement. Table 6 shows that this was not 
strictly true, although there is a general correspondence between the values cal- 
culated from differential thermal analysis, ethylene glycol retention, and cation- 
exchange capacity. Since there was no logical reason to accept any one of the 
estimates as the most reliable, an attempt was made to arrive at an integrated 

TABLE 7 


Average properties for unfractionated reference clays 



KtO 

ETHYLENE 
GLYCOL EOE 
INTERNAL 
SWELLING 

i 

CATION- I 

EXCHANGE : 
CAPACITY 

KEAN INDEX 

(F) 


per cent 

Amgtn./gm. 

me.! 100 


Kaolinite 

0 

6 

8 

2 

Illite 

6 

20 

25 

10 

Montmorillonite 

0 

220 

80 

47 


estimate based on several properties. Hendricks and Dyal (4) have suggested 
that the mineralogical composition of soU clays be designated m terms of a group 
of indexes such as ethylene glycol retention, total potash content, and exchange 
capacity rather than expressed as percentage montmoriUonite, kaolinite, and 
illite. This idea has been expanded to arrive at a mean index representing the soil 
clay. In the calculation of this index the properties of illite were arbitrarily as- 
signed values of 10. The ratio of the corresponding property of kaolinite, mont- 
morillonite, or the soil clay to illite was then calculated and multiplied by 10 to 
give a numerical index. The mean of the several indexes calculated in this way 
was then taken as the best estimate of the mineralogical composition of the 
unknown sample. The average properties used in the calculation of these indexes 
are listed in table 7, together with the calculated mean indexes, F, for kaolinite, 
illite, and montmorillonite. The method of calculating the F value is illustrated 
for kaolinite as follows: 


i ('2 + “ + 52'\=.2 

3\.6 20 25 /~ 
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Table 7 shows that the three principal clay minerals have widely different Y 
values. If mineralogical designations are to be given to soil clays for which F 
values have been calculated, it is suggested that “kaolinite-like” be used for Y 
values 0-5, “illite-like” for F values between 5 and 26, and “montmorillonite- 
like” for F values > 25. Because of uncertainties regarding the hypothesis of 
equivalence of properties and the presence in soil clays of reactive constituents 
other than kaolinite, illite, and montmorHlonite, unqualified statements regarding 
the mineralogical composition of soil clays are seldom justified. It is more realistic 
to describe soil clays in terms of an index such as the F value or to say that the 
observed properties of the soil clay are equivalent to those of a certain mixture of 
the particular clay mineral reference samples that were examined. 

TABLE 8 


Calculated 'percentage potash, ethylene glycol retention, cation-exchange capacity, and mean 

index for total soil clay 


SAMPLE 

KiO 

ETHYLENE GLYCOL 
TOR INTERNAL 
SWELLING 

CATION- 

EXCHANGE 

CAPACITY 

MEAN INDEX (F) 


% 

Amgm.fgtn. 

me./ 100 gtn. 


Bath 1 

3.5 

27.7 

29 

10 

2 

3.7 

20.9 

16 

8 

3 

3.8 

20.2 

22 

8 

4 

5.4 

17.4 

21 

9 

Mardin 1 

3.6 

16.8 

24 

8 

2 

3.6 

23.5 

28 

10 

3 

4.6 

17.8 

21 

8 

4 

5.2 

32.9 

I 22 

11 

5 

5.5 

29.5 

29 

12 

Volusia 1 

5.0 

21.0 

26 

10 

2 

5.3 

16.7 

19 

8 

3 

5.7 


24 

10* 

4 

5.6 

16.4 

22 

8 

Chippewa 1 

3.4 


26 

9* 

2 

4.9 

10.9 

19 

7 

3 

5.3 

23.2 

19 

9 


* Based on two properties only. 


It should be emphasized that the Y values should not be used blindly, since 
they do not represent single-valued combinations of mineral species. For example, 
it would be possible to have a mixture of kaolinite and montmorUlonite with a 
Y value of 15, which would place it in the range of illite. The absence of potash 
from such a mixture, however, would indicate that the unknown was not illite. 

Y values based on the three properties discussed were calculated for the soil 
clays and are summarized in table 8. For this purpose, a mean value of each 
property was calculated for the total clay content of the soil, a weighted average 
of the fractionated samples based on mechanical analysis being used. The F 
values of the soil clays range from 7 to 12. It was concluded that these clays are 
predominantly ^^illite-like’’ and that their properties can be explained by assum- 
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ing that they contain approximately 75 per cent Ulite of a type similar to that 
used as a reference material in these studies. 

Although the coarse clay fractions contained small quantities of quartz, none 
was found in the finer fractions. The x-ray data clearly indicated that the <1.0 
/i clay contained no primary minerals. 

The remarkably constant illite content of the four soils, both with regard to 
depth in the profile and among the profiles, strongly suggests that the clay mineral 
has been obtained directly from the disintegration of the shale in the parent ma- 
terial. Apparently these soils have not been subjected to sufficient weathering to 
produce a noticeable advance in the weathering sequence, but reflect mineralogi- 
cal characteristics that have been inherited from the shaley parent material. 

SUMMARY AND CONCLUSIONS 

Fractionated clays from soils of a drainage catena of southern New York were 
examined by the techniques of differential thermal analysis, ethylene glycol reten- 
tion, total potash content, cation-exchange capacity, and x-ray methods. It is 
suggested that several properties be combined to give a mean index (F) which 
would be used to characterize soil clays. Such a treatment was applied to the 
data obtained. 

The following conclusions were drawn: 

The observed properties of most of the soil clays could be explained by assum- 
ing that they contained 60-80 per cent illite similar to that of the reference sample 
of this mineral that was studied. 

Chlorite made up an appreciable quantity of many samples. 

Lesser amounts of unidentified iron or aluminum oxides were undoubtedly 
present in the finer fractions. 

Quartz not exceeding 10 per cent was found in the 2-1 fi fractions but was not 
present in the finer clays. 

The striking similarity of all the clay fractions examined, with regard to depth 
in the profile and drainage condition, indicated that these soils have not been 
subjected to sufficient weathering to alter the original shale inherited from the 
parent material. 
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Soils derived from recent glacial alluviums in the valleys of western Washing- 
ton are known to have the ability to iSix large amounts of added phosphates. It was 
thought that this iSxation might be linked with the nature of the clay mineral, 
that is, with the percentage of kaolinite (4). The clay mineralogy of these soils 
was therefore studied. The soils investigated are important agriculturally, and it 
was believed that some basic information concerning their chemical and physical 
character would contribute to a better understanding of their agricultural be- 
havior. 

MATERIAL AND METHODS 

The soils were collected in the Puyallup River VaUey near Puyallup, Pierce 
County, Washington.^ Soil series selected were Pilchuck, Sultan, Puyallup, and 
Puget. The position of the soil series in relation to one another is shown in figure 
1. For this study, three samples of the Sultan and single samples of the others 
were collected. All samples studied were from the surface 12 inches. All soils were 
under intensive cultivation except for the Puget, which was in pasture. In gen- 
eral, the Sultan and Puyallup series are the most valuable agricultural land. The 
Puget is generally poorly drained and fine textured, whereas the Pilchuck is ex- 
cessively well drained and coarse textured. 

After being air-dried, the samples were passed through a 2-mm. sieve and were 
characterized by the determinations of particle size distribution (7); total and 
cation exchange capacities (8); pH, by glass electrode; and organic carbon (8). 

Silt and clay fractions were obtained for analysis by screening out the sand 
and by sedimentation to remove the clay in suspension. The clay was dispersed 
with sodium hexametaphosphate after H 2 O 2 treatment for organic matter re- 
moval. Clay separates (2.00-0.30, 0.30-0.15, 0.15-0.10, <0.10 were obtained 
by successive passes of the suspension through a Sharpies supercentrifuge at cal- 
culated rates of flow (1). The clay divisions were precipitated with N CaCL, 
thrown on a filter, washed repeatedly with the CaCL solution, and then with 80 
per cent ethanol until free from chloride. After drying, the separates were ground 
to pass a 60-mesh sieve and were stored in a desiccator at a relative humidity of 
52 per cent using saturated Mg(N 03)2 solution. 

Differential thermal analyses were performed with a set-up similar to those 

^Scientific Paper No. 1081, Washington Agricultural Experiment Stations, Pullman, 
Project No, 871. The author is now with the Division of Soil Survey, U. S. Department of 
Agriculture, 

2F. T. Tremblay, Western Washington Experiment Station, Puyallup, located and 
helped collect the samples. 
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found in the literature (3, 9, 10). A linear heating rate of 12.5°C. per minute was 
maintained. All temperature differences were measured with chrome-alumel 
thermocouples. 

The clay fractions, as prepared for differential thermal analysis, together with 
the silt and very fine sand fractions were used for x-ray studies. The various frac- 
tions were placed as a thin paste on a microscope slide and allowed to dry.® The 
paste was prepared with about 0.15 gm. of clay and 12 to 15 drops of a 10 per cent 
glycerine solution. The x-ray diffraction patterns were obtained with a North 
American Philips (Norelco) x-ray diffraction unit.^ The x-ray equipment was used 
both with a copper target tube and nickel filter and with an iron target tube and 
manganese filter. X-ray diffraction intensities were recorded on a Leeds and 
Northrup recorder activated by a scanning unit consisting of a Geiger tube 
mounted on a goniometer rotated by an electric motor. 



Fig. 1. Schematic Diagram op the Relative Position and Nature op the Soils Sampled 

After Dr. L. C. Wheeting, professor in soils, State College of Washington. 

EXPERIMENTAL RESULTS 

Soil characteristics of the six samples are shown in tables 1 and 2. From the 
data for mechanical analysis and organic carbon, the soils selected for study would 
appear to be representative of the series named. 

Curves of differential thermal analyses for the soils were compared with curves 
from standard minerals.^ 

The curves showed little indication of the presence of the clay mineral kaolinite. 
In the samples of Puget, Puyallup, and Pilchuck, the percentage of montmorillo- 
nite approached 90 per cent of the <0.1 fx material, based on magnitude of the 
thermal peaks, and decreased with a corresponding increase in iilite in the coarser 
fractions. In the Sultan profiles, montmorillonite also occurred in all size frac- 
tions, particularly that <0.10>. In the Sultan I, iilite was estimated at 25 to 50 
per cent from the finer to coarser sized fractions. Exothermic peaks around 700^0. 
in the Pilchuck, Puget, and Puyallup fractions may indicate the presence of some 
iron minerals, perhaps siderite. Little, if any, indication of the presence of high 
aluminum minerals, namely, gibbsite or diaspore, was found, 

^ According to directions obtained from G. D. Jeffries, Pennsylvania State College. 

^ X-ray equipment was used through the cooperation of the Department of Physics and 
the Institute of Technology, The State College of Washington, Pullman. 

5 The latter were obtained from R. E. Grim and S. B. Hendricks, Illinois Geological 
Survey and U. S. Department of Agriculture, respectively. Grim has presented differential 
thermal curves for many of these standard minerals (2, 3) and mixtures thereof. 
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Irregular peaks in a few of the separates, particularly in the coarser fractions, 
were an indication-substantiated by laboratory observations — that a consider- 
able portion of these fractions consisted of finely ground minerals ordinarily 
found in the silt and very fine sand fractions. To the unaided eye, and under low 
power magnification, the coarser clay fractions appeared similar to those of the 
silt and very fine sand separates. Only in the <0.10 ^ to some extent the 
0.15-0.10 /i fractions did the gross physical characteristics appear different from 
those of the silts and fine sands. It should be noted that only the 0.10 ju fraction 

TABLE 1 


Particle size distrihution^ organic carbon^ and soil reaction of surface samples of alluvial 
glacial soils from western Washington 


SERIES 

ORGANIC 

CARBON 

pH 

PARTICLE SIZE DISTRIBUTION 

Satu- 

rated 

paste 

Dilu- 

tion 

1:2.5 

Sand 

Silt 

Clay 

(0.002 

mm.) 

Texture 


% 



% 

% 

% 


Pilchuck ... 

1.1 

6.32 

6.65 

62.36 

33.94 

3.70 

1 Very fine sandy loam* 

Sultan I 

0.4 

6.70 

6.80 

32.77 

62.40 

4.83 

Silt loam 

Sultan II 

2.8 

5.80 

6.75 

11.87 

69.53 

18.60 

Silt loam 

Sultan III 

2.1 

6.08 

7.10 

2.70 

81.91 

15.39 

Silt loam 

Puyallup 

2.6 

6.16 

6.25 

44.61 

47.67 

! 7.72 

Loam 

Puget 

3.2 

5.82 

6.85 

2.98 

67.93 

29.09 

Silty clay loam 


* U. S. Department of Agriculture Division of Soil Survey, 1950, textural triangle. 


TABLE 2 


Total exchange capacity and exchangeable cation capacity of surface samples from alluvial 
glacial soils of western Washington 
In me. per 100 gm. soil 



TOTAL 

1 EXCHANGEABLE CATIONS 


SERIES 

EXCHANGE 






CAPACITY 

Ca 

Mg 

Na 

K 

Pilchuck 

7.04 

4.73 

0.89 

0.12 

0.33 

Sultan I 

7.82 

5.26 

2.00 

0.25 

0.17 

Sultan II 

16.83 

9.30 

2.67 

0.37 

0.36 

Sultan III 

15.84 

10.98 

5.79 

0.30 

0.44 

Puyallup. 

13.80 

8.58 

1.35 

0.28 

0.32 

Puget 

23.26 

6.55 

9.11 

3.64 

3.52 


appeared lyophilic when GaClg was added to aid in precipitation of the fractions 
after separation in the supercentrifuge. 

These results are augmented by the data in table 3. The increase of the total 
exchange capacity with increasing fineness of the fraction is obvious. The value 
of the exchange capacity of the <0.10 ju fraction is approximately that given in 
many reports for bentonites or montmorillonites. These exchange capacities 
would support the contention that the <0.10 /x samples are largely montmorillo- 
nitic and that considerable amounts of illitic and montmorillonitie clays occur in 
the coarser clay fractions. 
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With an x-ray spectrometer, patterns for the very fine sand, silt, and four clay 
fractions of each of the six surface soils were obtained. These patterns were com- 
pared with a series of standard clay mineral patterns. Patterns of standard min- 
erals similar to those published by Jeffries (5, 6) were also used for comparison. 

The fine sands of all soils, especially the Sultans and Puyallup, appeared to 
have considerable quartz. The silt fraction, and to a large extent the coarser clay 
fraction (2.00-0.30 /i), contained a large amount of quartz. There was an indica- 
tion of micas in the very fine sands and silts, but it was largely submerged by the 
quartz lines. Otherwise, the patterns gave no particular lead as to the mineralogi- 
cal content of the samples. In view of the possible presence or absence of the more 
important clay minerals, the absence of kaolinite peaks was readily noted. The 
presence of illite was somewhat masked by quartz in the coarser fractions and 
did not show in the finer fractions. The presence of some members of the mont- 


TABLE 3 

Total exchange capacities of certain clay fractions obtained from samples of glacial alluvial 

western Washington soils 


SAMPLE 

CLAY PfiACTION 

TOTAL EXCHANGE CAPACITY 



me.jJlOO gm. soil 

Sultan II 

2.00-0.30 

28.7 


0.30-0.15 

54.2 


<0.10 

91.8 

Sultan III 

2.00-0.30 

1 24.6 


0.30-0.15 

44.4 

Puget 

2.00-0.30 

22.8 


0.30-0.15 

47.0 


0.15-0.10 

65.4 


<0.10 

89.2 


morillonitic group of clays was plainly recorded. There was little indication of 
high iron or aluminum minerals in the patterns traced. 

Considerable fluorescence in the patterns of the finer fractions was probably 
due to iron in the soil samples. Samples had not been treated for removal of free 
iron oxide. It was feared that such drastic chemical treatment on soils thought to 
contain appreciable amounts of free iron and aluminum or minerals high in their 
content, or both, might lead to changes in the soil system beyond mere cleaning 
up of the more resistant minerals. For these reasons, the previous study did not 
involve iron removal. The interference of secondary radiation, however, remained 
a problem. 

To overcome this apparent difficulty, the curves for the <0.10 m fractions were 
traced, an iron target for radiation source and a manganese filter being used. By 
such an x-ray arrangement, the interference of free iron oxide was largely elimi- 
nated. No kaolinite pattern appeared in the <0,10 p, material. Neither was the 
occurrence of illite indicated. Only montmorillonite patterns were to be foxmd. 
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The relationship to the standards indicated that the Puyallup Valley samples 
might well contain a montmorillonite with considerable substitution of iron in 
the lattice, because the nontronite curve was closely approximated by the pat- 
terns of the fine fractions of the clay. 

SUMMARY AN0 CONCLUSIONS 

Six samples of surface soils, representative of the agriculturally valuable land 
in the Puyallup Valley of western Washington and known to have a relative high 
phosphate-fixing ability, were collected for the study. They were characterized 
by determinations of particle size distribution, organic carbon, pH, total exchange 
capacity, and exchangeable cations. The clay was separated into fractions of 
2.00-0,30, 0.30-0.15, 0.15-0.10, and <0.10 n. Differential thermal curves and 
x-ray spectrometer patterns were obtained for these clay divisions. X-ray spec- 
trometer patterns were obtained also for the silt and very fine sand fractions. 

The samples were collected as representatives of the Pilchuck, Sultan, Puyal- 
lup, and Puget soil types as found in Pierce County, Washington. Ionic exchange 
capacities, differential thermal curves, and x-ray diffraction patterns of the soil 
fractions studied indicated that the clay mineral content of the finer clay frac- 
tions was largely montmorillonite, whereas the coarser clay fraction and the silt 
and very fine sand were largely quartz, with some illite in the coarse clay. There 
was little indication of substantial amounts of high A1 and Fe minerals. In these 
soils derived from recent glacial alluvium, the clay mineral kaolinite was not 
found in amounts exceeding 5 per cent; it would appear not to be a major factor, 
therefore, in the phosphate fixation. 
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In the course of a study of the clay mineralogy of New Zealand soils, the data 
obtained by x-ray diffraction and thermal analysis were often considered inade- 
quate. Further evidence was needed. As the order of cation-exchange capacities 
of the recognized clay minerals was known, it was decided that determinations 
of cation-exchange capacity would provide valuable checks on analyses of clays 
by other methods. 

Methods described by other workers for exchange capacity require samples 
weighing 2 or more gm. When the supply of clay is limited to that obtainable 
from routine sedimentations, use of such large quantities for exchange-capacity 
determinations restricts the number of other tests that can be carried out. This 
may explain the absence of exchange capacity data from many publications on 
clay mineralogy. In many New Zealand soils the clay content is low, sedimenta- 
tion yielding as little as 0.3 gm. clay from 10 gm. of soil. A method for determin- 
ing cation-exchange capacity on samples weighing 0.1 gm. or less was required, 
preferably one with final analysis by the rapid methods of fliame photometry. 

Eendig (3) described a procedure in which 2 gm. of clay is saturated with po- 
tassium ions and the potassium then extracted by centrifuging with a neutral 
solution of ammonium acetate and magnesium acetate. The potassium content 
of the extracting solution is determined with a flame photometer. By this method 
Rendig was able to determine the cation-exchange capacities of four samples in 
duplicate in 4 to 5 hours. 

The procedure described m the present paper eliminates centrifuging and sim- 
plifies the nature of the extracting solutions, thereby enabling faster determina- 
tions to be made on smaller samples. 

Samples were leached in leaching tubes with potassium acetate, then with 95 
per cent ethyl alcohol, and finally with ammonium acetate. Potassium m the 
last solutions was determined with a Beckman flame spectrophotometer. 

Because the flame method is very sensitive to sodium ions, sodium acetate was 
tried m the initial stages of this work in place of potassium acetate. It was found, 
however, that the results obtained with sodium were not so satisfactory as those 
obtained with potassium. Sodium contamination from glassware and chemicals 
caused high and variable blanks, which prevented good duplication of results 
and made small differences in capacity meaningless. 

Potassium contamination as shown by blanks was almost nonexistent. The 
loss in accuracy of measurement due to the lower relative luminosity of potas- 
sium was negligible over the range of concentrations used (0.005 iV-O.OOOS iV). 

A further possibility of error, however, introduced by the use of potassium was 
that due to fixation. Stanford (5) has shown that electrodialyzed illite of less than 
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2^ diameter fixed only 1.39 me. of potassium per 100 gm. of clay after standing 
for 48 hours in a moist condition at a pH of 8.4. Montmorillonite fixed consider- 
ably less than this. In the method herein described the potassium acetate leach- 
ing took no more than 60 minutes and was immediately followed by subsequent 
leachings. The amount of fixation under these conditions was negligible. 

Although the method was originally developed to determine the cation- 
exchange capacity of clays, it has been found suitable also for soils. Because of 
sampling difficulties, duplication of results with soils is not so good as with clays. 

EXPERIMENTAL 

Small leaching tubes were prepared and provided with filter pads consisting of 
a layer of glass wool, a layer of filter paper pulp, and a layer of acid-washed silica 
sand. A 0.1-gm. sample was weighed out, mixed with an equal weight of sand to 
aid permeation, and introduced into a leaching tube. The sample was then leached 
successively with 40 ml, of normal potassium acetate (adjusted to pH 7 with 
glacial acetic acid), 40 ml. of distilled 95 per cent ethyl alcohol,^ and finally with 
40 ml. of normal neutral ammonium acetate. The last leachate was made up 


TABLE 1 

Depression of potassium luminosity in ammonium acetate solution 


POTASSIUM NOBMALITY 

relative luminosity 

la 0.2 N HCl 

laiVNHiOAc 

0,005 1 

100 

84.8 

0.002 ! 

48.0 

40.0 

0.001 

27.2 

22.7 

0.0005 

11.2 

! 11.0 


exactly to volume and the potassium content determined with a Beckman model 
D.U. spectrophotometer with flame attachment (2). 

A flame photometric procedure for the determination of cations leached from 
soils at present in use in this laboratory has been described by Fieldes et aL (1). 
The final flame analysis is made on 0.2 N HCl solutions. It was expected that the 
use of normal ammonium acetate solutions would cause depression of potassium 
luminosity. This was borne out, as shown in table 1. In consequence, a series of 
potassium standards in normal ammonium acetate was prepared and used to 
construct the curves from which the cation-exchange figures were obtained. 

RESULTS 

To test the method over as wide a range of capacity as possible, mixtures of 
kaolinite (McNamee Mine near Langley, South Carolina) and montmorillonite 
(Yavapai Co., Arizona) were prepared. These mixtures had capacities ranging 
from 5 to 100 me. per 100 gm. Table 2 shows the results of replicate determina- 
tions of the capacities of these mixtures. The right hand column in the table lists 
capacities obtained by calculations using the experimental values 4.8 and 103 for 

^ Experiments have shown that it is unnecessary to correct the alcohol for acidity. 
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kaolinite and montmoriBomte respectively Replication to within 10 per cent 
except in low-capacity kaolinite was not dfficult. In all cases, further leachings 
with ammonium acetate liberated negligible amounts of potassium. 


TABLE 2 

Cation-exchange capacity of kaolinite-montmorillomte mixtures 
In me. per 100 gm. 


CATION-EXCHANGE CAPACITY 


MDCTHKE* 




Replicate determinations 


Average 

Calculation 

K 

4.3 

4.0 

5.2 

5.4 

5.0 

4.8 

4.8 

90% K 

10% M 

14.0 

14.0 

15.0 

15.0 

14.2 

14.4 

14.6 

75 % K 

25% M 

29.6 

29.4 

27.2 

32.2 i 

32.0 

30.0 

29.4 

70% K 

30% M 

30.8 

33.3 

36.4 

34.8 

34.2 

33.9 

33.3 

50% K 

50% M 

51.4 

53.4 

55.0 

58.0 

56.4 

54.8 

52.6 

40% K 

60% M 

59.6 

59.4 

60.8 

60.0 

63.8 

60.7 

63.7 

25 % K 

75% M 

80.0 

75.2 

78.0 

75.8 

80.0 

77.8 

78.6 

M 

102 

104 

102 

102 

104 

103 

103 


* K = kaolinite; M = montmorillonite. 


TABLE 3 


Comparison of cation-exchange capacities obtained by two different methods 


son. NO. 

DESCMPTION 

CAPAaTY 

CLAY MINERALS 

NBU+ 

js:+ 

1440B 

Tinopai sandy loam (podzol) . 

me^/lOO 

gm, 

2.5 

me./IQ0 

gm. 

2.1 

Quartz 

5117B 

Wharekaka sandy loam 

8.7 

8.5 

Quartz, halloysite, illite 

4846B 

Pawson silt loam . 

10.7 

11.3 

Quartz, illite, felspars 

2079B 

Omarama silt loam 

14.4 

10.0 

Kaolin, illite, mica 

2082A 

Alexandra sandy loam 

21.2 

18.4 

Illite, felspars 

1603A 

Katrine sandy loam 

‘ 28.8 

31.0 

Montmorillonite, illite 

3243A 

Oroville sandy loam 

35.6 

38.6 

Quartz, allophane, illite 

3861B 

Parore peaty sandy loam ... 

90.5 

87.3 


5920D 

Clay from Wharekaka sandy 
loam . ..... — 

32.2 

32.8 

Quartz, montmorillonite, 

5920E 

Clay from Wharekaka sandy 
loam. 

41.2 

39.9 

chlorite 

Montmorillonite, chlorite 


Results of capacity determinations on a set of ten soils and clays by this method 
and an ammonium acetate method similar to that described by SchoUenberger 
and Simons (4) are listed in table 3. The soils selected represent a wide variety of 
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types coataining a wide range of clay minerals. They include a peat soil (3861B— 
loss on ignition 76 per cent); the A 2 of a Kauri podzol (1440B); a strongly gleied, 
yellow-gray earth (5117B); a transitional yellow-gray-yellow-brown earth 
(4846B); a moderately leached, yellow-brown earth (1603A); a moderately 
leached, yellow-brown loam (3243A); a weakly leached, brown-gray earth 
(2082AX and a moderately leached, brown-gray earth (2079B). The last two 
soils are from low rainfall areas. The two clay samples (5920D and 5920E) were 
separated from a gleied, yellow-gray earth.^ 

The agreement between the two sets of results is good, particularly when it is 
realized that the ammonium acetate estimations were made on 10-gm. samples 
and the potassium acetate on 0.1-gm. samples. The agreement between the re- 
sults for the two clay samples is better than that for the soils. This is considered 
due to the difficulty of sampling soils when only 0.1 gm. is taken. 

RAPIDITY OP METHOD 

The number of samples that can be analyzed simultaneously is limited only 
by the quantity of glassware that can be conveniently handled. 

For one sample the whole procedure, including the weighing out of the sample, 
takes about hours. Each additional sample, however, requires only about 3 
minutes. This is the time taken up in weighing out the sample and in obtaining 
a relative luminosity reading on the flame photometer. Hence the cation-exchange 
capacities of 24 samples, the number found most convenient in this laboratory, 
may be estimated in less than 5 hours. 

SUMMARY 

A method for estimating the cation-exchange capacities of small samples of 
clays and soils with the flame photometer is described. 

As only 0.1 gm. of sample is required, exchange capacities of clays from low 
clay content soils can be determined without prior time-consuming sedimenta- 
tions from large quantities of soil. 

The method is simple and rapid, the determination of 24 samples being ac- 
complished in less than 5 hours. Good agreement between this and other methods 
has been obtamed. It has already been used extensively by the writers. 
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A comprehensive research program has been undertaken by this institution 
in an effort to solve the outstanding problems of soil chemistry and fertilizer 
utilization on Houston black clay of central Texas. In connection with this pro- 
gram, it was imperative to obtain information on the availability of minor ele- 
ment supplements to plants grown on this calcareous soil. In particular, it was 
essential to obtain concrete evidence regarding the availability to plants of vari- 
ous chemical forms of zinc. Zinc fertilizers labeled with radioactive Zn65 have 
provided an effective tool for the solution of this problem. 

Three sources of zinc, strikingly different in chemical nature, have been tested 
with two index crops by simple greenhouse pot procedures. 

MATERIALS AND METHODS 

The three sources of zinc employed in this investigation were Zn(N03)2, 
Zn(NH3)4(OH)2, and Na2Zn02. All were prepared in this laboratory by simple 
synthetic methods from radioactive Zn65.^ In essence, all preparations were 
achieved through thorough equilibration of the Zn65 and an appropriate amount 
of nonradioactive Zn(N0s)2-6H20 prior to chemical conversion. All were em- 
ployed as aqueous solutions of such concentration that 5.0 ml. was equivalent to 
113.6 mgm. of elemental zinc. The fertilizers were intimately mixed with the soil 
at a rate of 100 pounds of Zn per acre. 

Supplementary nutrients were applied as follows: 180 pounds of P2O6 per 
acre as ]SraH2P04, 180 pounds of K2O per acre as KCl, 125 pounds of Mg per 
acre as MgS04*7H20, 100 pounds of Esminel per acre, and 175 pounds of N per 
acre as (NH4)2S04 corrected for the nitrogen content of the zinc fertilizer. 

Houston black clay, utilized in this study, has been described elsewhere (3). 
The experimental procedures and greenhouse techniques suitable for radio- 
chemical research have been outlined by numerous workers (4-16). Eyegrass 
and crimson clover were used as index crops for all three zinc sources. The clover 
was harvested after 90 days; the ryegrass was clipped twice, 60 days and 90 
days after seeding. Plant tissue samples were collected, dried, and solubilized by 
digestion with nitric and perchloric acids. 

Uptake of zinc fertilizer was determined by radiochemical assay of the plant 
digestates. With only slight modification, the method of Anderson (1), involving 
the precipitation of zinc as anthranilate, was found to be suitable for this purpose. 
Nonradioactive Zn(N03)2 (4 mgm. Zn per 25 ml.) was added as scavenger to 

1 The Zn 65 was obtained from the Isotopes Division, XJ. S. Atomic Energy Commission. 
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ensure maximum precipitation. Even under these conditions, only 92.3 per cent 
average recovery was attained on samples of known composition, and a corre- 
sponding correction factor was employed in all subsequent assays. In addition, 
the radiation characteristics of Zn 65 (positron, K-capture, and weak gamma 
emission) necessitated a self-absorption correction for these assay samples. 

RESULTS 

The availability of the three zinc sources to the two index crops on Houston 
black clay is summarized in table 1 . All results represent average values from 
three replicates. 

This study, though somewhat limited in scope, revealed certain interesting 
facts. It showed that all zinc sources tested are readily available to the index 
crops employed. Further, it showed that there is relatively little difference in 
availability between sources despite their chemical dissimilarity ; that is, divalent 
cationic zinc, Zn+^; the cationic complex, Zn(NH3)4‘^; and anionic zinc, Zn02 — , 
have all been utilized by the plants. For both index crops, Zn(NH3)4(OH)2 ap- 


TABLE 1 

Utilization of various zinc sources by crimson clover and ryegrass on Houston black clay 


2INC SOTXRC* 

ZINC IN PLANT TlSSinC DERIVICD TXOM PKMILIZ** 

Crimsoa clover 
90-day harvest 

Ryegrass 

60-day harvest 

90-day harvest 



ppm.^ 


ZnCNOj)* . 

58 

38 

27 

Zn(NH8)4(OH)2 

76 

48 

30 

Na2Zn02 

64 

43 

33 


* Dry-weight basis. 


peared to be very slightly more available and NaaZnOs seemed to be more readily 
utilized than Zn(N03)2. In all cases, however, all sources at this application rate 
provided an adequate amount of this essential nutrient for normal plant develop- 
ment. 

Two points appear worthy of note in connection with this research: despite 
the high application rate, no zinc toxicity to the plants was observed; further, 
no evidence of irradiation damage was apparent. 

SUMMARY 

Zinc nitrate, zinc ammonium hydroxide, and sodium zincate were shown to be 
readily available to crimson clover and ryegrass grown on Houston black clay. 
These sources, though markedly different in chemical nature, were almost equally 
available to the index crops employed. 
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The important role that plant analysis plays in the interpretation of mineral 
nutrition studies is well indicated in recent reviews of the subject (6, 15). In tung 
investigations leaf analysis has proved a very useful aid in diagnosing mineral 
deficiencies and in interpreting the results of both field and sand-culture experi- 
ments (2, 3, 4, 13, 14). Leaf analysis has been helpful also as a guide for fertilizer 
recommendations. A table based on experiments and observations correlated with 
analyses of several thousand leaf samples has been prepared. It gives the tenta- 
tive optimum and deficiency ranges in the percentage of mmeral elements in 
tung leaves (9). There is still much to be done in examining more closely the 
relations of leaf composition to growth and production under field conditions. 
This work is in progress and will be reported later. 

It is well recognized that leaf analysis has its limitations. It yields important 
information on the nutritional status of the plant at the time of sampling and 
represents the resultant of a number of factors that have influenced leaf com- 
position. Though leaf analysis may be used to diagnose a mineral deficiency, for 
example, it cannot answer the question of what caused the deficiency. For this 
answer it is necessary to investigate the environmental factors, one of the most 
important of which is the soil. 

Much attention has been given in recent years to the effect of the concentra- 
tion of cations in the soil on the uptake of nutrients by the plant. Some progress 
has been made in formulating mathematical expressions for this relation (7, 8, 10). 
Most of this work has been done with annual crops in the greenhouse. Not much 
information is available on leaf composition and soil interrelations for tree crops, 
especially under field conditions. The purpose of this paper is to report on a field 
survey in which an attempt was made to correlate analyses of tung leaves with 
the exchangeable cations in the soil at the time the leaves were collected. 

MATERIALS AND METHODS 

During August 1946, 1947, and 1948 midshoot leaf samples were collected from 
bearing tung trees in various field experiments in different parts of the Tung 
Belt, together with soil samples from under the trees at the same locations. From 
these, 51 representative samples were selected to cover the range in soil types on 
which much of the tung acreage is planted. The soils sampled include those of the 
Norfolk, Ruston, Ora, Pheba, Red Bay, Arredondo, Lakeland, and Blanton 
series in Louisiana, Mississippi, or Florida. 

The soil samples were taken with a spade at depths of 0 to 6, 6 to 12, and 12 
to 18 inches from at least four places under the spread of the branches of each 
tree from which a leaf sample was taken. Leaf samples from all the trees in a plot 
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were composited, as were the soil samples from a given depth. Usually there were 
six or more trees in a plot. 

Potassium was determined on a dilute HCl solution of the leaf ash by the 
cobaltinitrite procedure with ceric sulfate as the oxidizing agent, magnesium by 
a tMazol yellow method (5), and calcium by precipitation as the oxalate and 
titration with standard EIMn 04 . Exchangeable potassium, calcium, and mag- 
nesium were determined by suitable modifications of the methods used for 
the leaf analyses, neutral normal ammonium acetate being used for leaching the 
soils (12). The exchange capacity was determined from the ammonium distillate 
after replacement of NH 4 '^ by acidified NaCl (12). 

HESULO^S AND DISCUSSION 

The ranges in composition of the leaves and soils are given in table 1. These 
cover values from the lower to upper limits that are ordinarily found in com- 
mercial tung orchards. 

TABLE 1 

Range in cation content of SI samples of tung leaves and range of exchangeable cations and 
exchange capacity of the soils in which the trees were growing* 

In milliequivalents per 100 gm. 


CATION 

ELEIDENT IN LEAF 
O&Y JiCATTEK 

EXCHANGEABLE CATION IN OVEN-DEY SOIL EEOM 
INDICATED DEPTH 

0-6 indbes 

6-12 inches 

12-18 inches 

K....... 

Ca. 

Mg. 

Exchange capacity 

6.4 to 27.9 
49.0 to 209.0 
15.8 to 66.0 

0.07 to 0.48 
0.40 to 4.19 
0.10 to 0.91 
2.4 to 10.3 

0.04 to 0.44 
0.20 to 1.99 
0.07 to 0.64 
2.2 to 8.4 

0.02 to 0.46 
0.14 to 1.50 
0.05 to 0.92 
1.2 to 9.8 


* Samples collected in 1946, 1947, and 1948 in tung orchards in Florida, Mississippi, and 
Louisiana. 


Correlation coefficients were calculated between the leaf contents of potassium, 
calcium, and magnesium and the exchangeable cations in the soil. They are given 
in table 2. The calculations were made with the assumption that the correlations 
were linear. Graphs plotted from the data show that the relations are largely 
linear over the range of values obtained in this study. Some representative scatter 
diagrams are given in figure 1. Probably over a greater range, the relation would 
be more definitely curvilinear, as found by Van Itallie (7). 

There was no significant correlation between leaf potassium and the content of 
exchangeable potassium in the soil. The scatter diagram in figure lA illustrates 
this graphically. When the soil potassium was calculated in terms of percentage 
of saturation of the exchange capacity, however, a highly significant correlation 
was obtained between leaf potassium and soil potassium at both 0 to 6 inches 
and 0 to 18 inches. This is shown graphically in figure IB. In a previous study 
with various treatments on one soil type in one location, a highly significant 
correlation was obtained between leaf potassium and milliequivalents of ex- 
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changeable potassium (11). It would appear that when soil conditions are fairly 
uniform the milliequivalents of exchangeable potassium in the soil may be 
correlated with leaf potassium. When there is a wide variation in soil it is neces- 
sary to take into consideration the relation of the exchangeable potassium to the 
other cations in the soil. That the calcium and the magnesium in the soil are 
important in this respect is indicated by the highly significant correlation of 
leaf potassium with the ratio of exchangeable potassium to exchangeable calcium 
plus magnesium. 

A highly significant correlation was observed between the leaf calcium and 
the milliequivalents of exchangeable calcium in the soil. The correlation was even 

TABLE 2 

Correlation between content of potaesium, calcium, and magnesium in tung leaves and the 
same cations in the soil under the trees 


COKM:i.ATIOIf 

CO»mCIENT 

if) 


+ .14 
+ .41** 
+ .44** 

+ .44** 

+ .41** 
+ .65** 
+ .63** 

+ .72*** 

+ .15 
+ .03 
+ .20 
+ .63** 
-.36** 
+ .42** 


** Significant at 0.01 level, 

*** Significant at 0,001 level. 

higher when the exchangeable calcium was calculated on a percentage saturation 
basis. The difference, however, did not attain statistical significance. The correla- 
tion of leaf calcium with percentage of saturation of exchangeable calcium at 
0“18 inches was about the same as with that at 0~6 inches. The influence of the 
exchangeable potassium and magnesium in the soil on the calcium content of the 
leaves is shown by the very highly statistically significant coeflBicient of +0.720 
for the correlation between leaf calcium and the ratio of calcium to potassium 
plus magnesium in the soil. This is illustrated graphically in figure 1C. There is 
some suggestion of curvilinearity in this graph. Calculations were made for 
curvilinear regression, but it was found that the deviation from linearity was not 
statistically significant at the 0.05" level. 


ELEMENT IN LEAVES 


Element or element 
ratio 


Betcrmination 


Depth 


K. 

K. 

K. 

K. 


Ca. 

Ca. 

Ca. 

Ca. 


mc.flQO gm. 


Mg 

Mg 

Mg. 

Mg < 29 

Mg 

K + Ca + Mg. 


K 

K 

K 

K 


Ca + Mg 
Ca 
Ca 
Ca 
Ca 

K + Mg 
Mg 
Mg 
Mg 
Mg 
K 

K + Ca + Mg 


me./lOO gm. 

% saturation 
% saturation 

ratio of me. values 

me./lOO gm. 

% saturation 
% saturation 

ratio of me. values 

me./lOO gm. 

% saturation 
% saturation 
% saturation 
% saturation 
% saturation 


inches 

0-6 

0-6 

0-18 

0-6 

0-6 

0-6 

0-18 

0-6 

0-6 

0-6 

0-18 

0-18 

0-6 

0-6 
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Magnesium presents a diJGferent picture. Leaf magnesium was not significantly 
correlated with either exchangeable magnesium or percentage saturation of 
magnesium. It was postulated that for those leaf samples containing magnesium 
in the suboptimum range (<29 me./lOO gm.) soil magnesium may have a 
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Fig. 1. Eeprbsentative Scatter Diagrams Showing Relations Between Cations in 
Tung Leaves anb Those in the Soil 

A. K in the leaves and me./lOO gm. of exchangeable K in the soil. 

B. K in the leaves and percentage saturation of exchangeable K in the soil. 

Ca 

C. Ca in the leaves and -r— 77“ in the soil. 

K + Mg 

D. Mg in the leaves and percentage saturation of K in the soil. 

greater effect on leaf magnesium than when the leaf concentration is higher and 
the soil magnesium supply may be more than ample. As the correlation between 
leaf magnesium and degree of magnesium saturation was somewhat higher for 
the soil to 18“inch depth than for soil to the 0-6-inch depth, the correlation at the 
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0-18-incli deptii with leaf magnesium was determined for the suboptimum sam- 
ples. A highly significant positive correlation coefficient of 0.63 was found for the 
18 pairs of samples in which the leaf magnesium was less than 29 me./lOO gm. 
It is apparent from this calculation that the magnesium supply in the soil was 
a greater factor in affecting the magnesium content of these leaf samples than of 
the entire series of 51 samples. 

In addition, there is a highly significant negative correlation between leaf 
magnesium and the percentage of saturation for potassium in the soil (fig. ID), 
which indicates that the concentration of potassium in the soil is a much more 
important factor in the uptake of magnesium by the tree than is the concentra- 
tion of magnesium in the soil. This is of considerable importance in fertilizer 
practice in magnesium-deficient areas. Difficulty has been encountered in correct- 
ing magnesium deficiency by the application of soluble magnesium salts to the 
soil. These data would indicate that more consideration must be given to potas- 
sium fertilization in controlling magnesium deficiency. 

The cation summation values calculated for the leaf samples used in this study 
failed to show any cation equivalency. Values ranged from 102 to 273 me. per 100 
gm. Though sodium was not determined in this study, the amount of this element 
usually found in tung leaves is so small, in the order of 0.4 me. per 100 gm., that 
it could hardly be a factor. The probability that the total degree of base satura- 
tion influences the total quantity of cations in the leaf tissue is shown by the 
highly significant correlation of +0.42 between the summation percentage of 
bases in the soil at the 0~6-inch depth and the cation summation values in the 
leaves. This, however, would account for only (0.42)^ X 100, or 17.6 per cent of 
the relation found. 

It is realized that, although some of the correlations are highly significant, they 
are still not high enough for a satisfactory interpretation, because other factors 
in the soil beside the potassium, calcium, and magnesium concentrations are 
operating. The nature of the soil-colloidal complex is important, as has been 
pointed out (1, 10). The physical properties of the soil affecting aeration and 
drainage must be considered. The growth and production of the trees are im- 
portant factors. In continuing this study an attempt will be made to isolate the 
various factors affecting the relation of the mineral elements in the soil to nutrient 
content of tung leaves. 

SUMMARY 

An attempt was made to relate the potassium, calcium, and magnesium con- 
tents of tung leaves to the same elements found in the soil under the trees when 
the leaf sample were taken. Coefficients were calculated for 51 pairs of samples 
taken from a wide range of different soil types to find the degree of correlation 
between tung-leaf contents of potassium, calcium, and magnesium and soil 
contents of exchangeable potassium, calcium, and magnesium. Leaf potassium 
was not significantly correlated with milliequivalents of potassium in the soil but 
was highly significantly correlated with the percentage of saturation of potassium 
in the soil. The correlation coefficient for the 0-6-inch soil level was about the 
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same as that for the 0-18-inch level. Leaf calcium was highly significantly cor- 
related with milliequivalents of calcium in the soil, and the correlation with the 
degree of saturation of calcium was even greater, but the increase did not attain 
statistical significance. The coefficient, +0.72, for correlation between leaf cal- 
cium and the ratio of calcium to potassium plus magnesium in the soil had very 
high statistical significance. For the entire series of samples, leaf magnesium was 
not significantly correlated with soil magnesium on the basis of either 
milliequivalents or percentage of saturation. For the leaf samples in which the 
magnesium was less than 29 me./lOO gm., however, a highly significant correla- 
tion was found with the degree of magnesium saturation of the soil. Leaf mag- 
nesium was negatively correlated to a highly significant degree with the percent- 
age saturation of potassium in the soil. 
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Most of the soils of the southern humid region of the United States have been 
highly weathered and leached; consequently they are low in both total and 
exchangeable potassium. There are wide differences, however, in their capacity 
to furnish potassium for plant growth, as demonstrated by marked variations in 
response to potassium fertilization. A more precise characterization of typical 
soils of the area with respect to potassium-supplying power and its relation to 
measurable soil properties w’ould be helpful in the interpretation of observed 
responses and the prediction of need for potassium applications. 

Earlier investigations of the problem, as well as the experience of farmers and 
agronomists in general, have indicated that continuous cropping of soils of the 
region without addition of potassium soon results in depletion of the soil po- 
tassium to the extent that satisfactory plant growth can no longer be made. 

The literature on potassium release was recently reviewed comprehensively by 
Reitemeier (9). Wide variation has been found (3, 4, 8, 10) in the number of 
times a soil must be cropped to exhaust it, but no generally accepted relationship 
has been established between the potassium-supplying capacity of soils and other 
soil properties. Reitemeier and co-workers (8) and Ayres (1) reported that the 
rate of solution of potassium during electrodialysis of a soil is related to the 
quantities converted from nonexchangeable to readily available form during 
cropping. Rouse and Bertramson (10) found that for 23 Indiana soils the non- 
exchangeable potassium extracted by a boiling nitric acid treatment was closely 
related to the potassium-supplying power of these soils as measured by cropping. 
Data reported by Hoover and associates (5) indicate that the type and quantity 
of potassium-bearing clay mineral may have some influence upon the rate of 
supply of potassium, but sufficient evidence is not available to warrant a definite 
conclusion. 

The purpose of the present investigation was to study the transformations 
of potassium in certain agriculturally important soils in the southeastern United 
States in an effort to determine what properties of these soils influence their 
capacity to convert nonexchangeable potassium to forms readily absorbed by 
plants. 

MATERIALS AND METHODS 

Soils used 

Eight soils were selected to cover a wide range in chemical and mineralogical 
properties. They occur in the Coastal Plain, Appalachian Plateau, Piedmont, 

^ A joint contribution from the agronomy department, Alabama Agricultural Experi- 
ment Station, and the Bureau of Plant Industry, Soils, and Agricultural Engineering. 
The author, now senior soil scientist, U. S. Department of Agriculture, was formerly soil 
chemist, Alabama Agricultural Experiment Station. 
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TABLE 1 


Borne chemical and mineralogical properties of eight Alabama soils 


SOIL 

SEPARATE 

ERACTION 
OP TOTAL 
SOIL 

TOTAL K 
CONTENT 

CHAR, 

Cation- 

exchange 

capacity 

ACTERIST 

Kaoli- 

nite 

ICS OP Cl 

Mont- 

moril- 

lonite 

SEPA3I 

Quartz 

lATE 

Hy. 

drous 

mica 



% 

ppm. 

me./lOO 

gm. 

% 

% 

% 

% 

Orangeburg sandy 

Clay 

9.8 

5,000 

26 

25 

0 

30 

8 

loam 

Silt 

25.1 

4,700 







Sand 

65.1 

140 







Total soil 

•— 

1,763 






Norfolk sandy loam 

Clay 

3.0 

2,300 

32 

25 

0 

45 

4 


Silt 

6.3 

3,500 







Sand 

90.7 

70 







Total soil 

— 

355 






Susquehanna sandy 

Clay 

15.1 

3,300 

39 

15 

15 

55 

6 

loam 

Silt 

21.5 

2,500 







Sand 

63.4 

1,160 







Total soil 

— 

1,775 






Cecil sandy loam 

Clay 

5.6 

4,700 

25 

45 

0 

30 

8 


Silt 

10.1 

9,500 







Sand 

84.3 

2,030 







Total soil 

— 

2,934 






Bavidson clay loam 

Clay 

24,8 

8,700 

31 

40 

0 

15 

14 


Silt 

23.8 

17,400 







Sand 

51.4 

2,980 







Total soil 

— 

7,831 






Sumter clay 

Clay 

27.4 

4,900 

— 

— 

— 

— 

8 


Silt 

18.3 

6,700 







Sand 

18.3 

3,540 







Total soil 


3,223 






Eutaw clay 

Clay 

50.8 

4,000 

68 

45 

45 

10 

7 


Silt 

28.7 

2,600 







Sand 

20.5 

2,000 







Total soil 

— 

3,141 






Hartsells fine sandy 

Clay 

5.9 

8,200 

38 

15 

0 

60 

14 

loam 

Silt 

27.6 

6,200 







Sand 

66.5 

440 







Total soil 

— 

2,490 







* Contains about 35 per cent free CaCOs. 


and Black Belt physiographic regions and were taken from field plots that have 
had little or no potassium added during the last 20 years. The soil types, together 
with some chemical and mineralogical data, are listed in table 1. Exchangeable 




Analytical procedures 

Exchangeable potassium was removed by leaching with neutral normal am- 
monium acetate, and total soil potassium by HF digestion. Potassium in the 
extracts was determined with a Perkin-Elmer flame photometer. Mineralogical 
characterization of the clay separates was accomplished by x-ray diffraction 
(2, 6) and differential thermal (7) methods. Hydrous mica content was calculated 
from the total potassium content of the clay separates, based on 6 per cent as 
the average potassium content of hydrous mica. The cation-exchange capacity 
of the clay separates was determined at pH 6.8 with N calcium acetate as the 
saturating solution. 

Plant material was dry-ashed, dissolved in 5 per cent acetic acid, and the 
potassium content measured with the Perkin-Elmer flame photometer. 

Potassium- fixing capacity and release of fixed potassium 

One-hundred-gram samples of soil were treated with 360 ppm. of K as KCl, 
dried once at 70®, and the excess and exchangeable potassium removed by wash- 
ing with N calcium acetate then with water. For 40 days these samples were 
electrodialyzed simultaneously with samples of untreated soil, from which ex- 
changeable potassium had been removed in the same way. The difference be- 
tween the two sets of values thus obtained represents the rate of conversion of 
fixed potassium to soluble form. 

Electrodialysis 

One hundred grams of soil was electrodialyzed for extended periods at a po- 
tential difference of 110 volts, cellophane membranes and platinum gauze elec- 
trodes spaced 2 inches apart being used. The potassium removed from the soil 
was determined at appropriate intervals with the flame photometer. 


potassium and total potassium vary widely , as does the predominant clay mineral 
type. The Hartsells with approximately 15 per cent kaolinite, no montmorillonite, 
60 per cent quartz, and 14 per cent hydrous mica is one extreme, and the Eutaw 
with about 45 per cent each of kaolinite and montmorillonite, 10 per cent quartz, 
and 7 per cent hydrous mica is the other. It should be pointed out that the 
method used for quantitative estimation of the various mineral fractions permit 
an approximation of summation percentages no closer than d= 10 per cent. 

The distribution of total potassium among particle size separates of the soils 
is also shown in table 1. There are wide differences in the composition of the 
various separates with respect to potassium. 


Cropping 


Bulk samples of each of the eight soils were screened, thoroughly mixed, and 
placed in four 2-gallon pots. They were then exhaustively cropped in the green- 
house without additions of potassium. Five crops were grown: sudan grass, 
turnips, sunflowers, and two crops of peanuts. The soils were not repotted or 
allowed to dry except between the third and fourth crops. 
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DISCUSSION OF RESULTS 
Release of native nonexchangeable potassium 

In the exhaustive cropping study in the greenhouse, potassium-deficiency 
symptoms were evident in three of the soils by the third crop, and little or no 
growth was made by the fifth crop except on the Davidson, Sumter, and Eutaw 
soils. This was undoubtedly due to the exhaustive cropping that the other five 
soils had undergone in the field prior to the experiment. The amounts of po- 
tassium converted from nonexchangeable to exchangeable form during this period 
of cropping is shown in table 2. No nonexchangeable potassium was released by 
two of the soils, virtually none by two, and relatively high quantities by four. 


TABLE 2 

Conversion of potassium from nonexchangeable form in eight soils under continuous cropping 

in the greenhouse 


SOIX 

ORIGINAL 

EXCHANGEABLE 

K 

K REMOVED 

IN 5 CROPS 

EXCHANGEABLE 
K AETER 

5 CROPS 

K CONVERTED 
PROM NONEX- 
CHANGEABLE TO 
AVAILABLE PORM 


ppm* 

ppm* 

ppm* 

ppm* 

Orangeburg sandy loam. 

43 

41 

17 

15 

Norfolk sandy loam 

22 

17 

7 

2 

Susquehanna sandy loam. 

89 

66 

18 

~5 

Cecil sandy loam. 

37 

35 

■ 8 

6 

Davidson clay loam. 

89 

79 

25 

15 

Sumter clay. 

117 

118 

41 

42 

Eutaw clay 

109 

81 

26 

-2 

Hartsells fine sandy loam* 

24 

32 

11 

19 


* Only two crops grown in the greenhouse to date. This soil was cropped for 16 years 
in the field with no potassium fertilization. 


In the Davidson, Sumter, and Hartsells soils, an amount of potassium equiva- 
lent to 20 to 60 per cent of that absorbed by the plant was released from originally 
nonexchangeable form. The data in tables 1 and 2 reveal no relationship between 
the capacity of the soils to convert nonexchangeable potassium to available form 
and the original total or exchangeable potassium content of the soil or its dis- 
tribution according to particle size. There is some indication, however, that the 
hydrous mica content of the clay may influence the rate of rlease. It is evident 
that the degree of weathering and the resulting variation in solubility of the 
remaining potassium overshadow the effect of variations in the total amount of 
the element present in these soils. 

Further examination of these data reveals that, although there is no relation- 
ship between exchangeable potassium and the amount of that element released 
from nonexchangeable form, a close relationship does exist between the original 
exchangeable potassium content of the soils and the total potassium absorbed 
by the five crops. This relationship, shown graphically in figure 1, would be 
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samples -token after the final crop were subjected to eleetrodialysis for 40 days 
The rescdts are shown graphicaUy in figure 2. In general, the amount of potassimn 
emove m 24 hours was about equal to that present in exchangeable form at the 

produced by the treatment of the® 
soib are, with one exception, very similar except for their vertical displacement 

mtTor ® ^ easily soluble potassium. After 2 to 5 days the 

The ^ ^ Davidson soil had become approximately constant 

The Davidson, however, required about 20 days to reach equilibrtom which 
indicates a marked difference between it and the other soils with respect to the 
type and amount of potassium-bearing clay minerals. The Davidson clay separate 
has twice as much hydrous mica, as any of the other soils except the Hartsells 
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which, however, contains only one fourth as much < 2 ^ material as does the 
Davidson. 

Release of fixed potassium 

Six of the soils were selected for a study of potassium-fixing capacity and rate 
of release of fixed potassium. With the procedure used, the amounts of the added 
potassium fixed ranged only from 195 ppm. in the Norfolk to 340 in the Sumter, 
but, as shown in figure 3, the percentage of fixed potassium released upon elec- 



Fig. 2. Rate of Solution op Potassium from Eight Alabama Soils by Electrodialysis 

trodialysis varied widely. In general, it was found that the soils containing 
montmorillonite fixed larger quantities of potassium than did the kaolinitic 
soils. The same trend is evident in the release of fixed potassium, both in total 
amount and percentage of the amount fixed. Further, there is a marked differ- 
ence in the slope of the release curves following solution of the readily removable 
portion of the fixed potassium. The kaolinitic soils showed virtually no release 
beyond this point, whereas the Eutaw and Susquehanna continued to release 
potassium at a considerable rate. The Sumter cannot be considered in the same 
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eategory as the other montmorillonitic soils because of its high content of CaGOs. 
These data strongly suggest that soils of the region containing 2:1 type clay 
minerals can be expected to fix larger amounts of added potassium than do those 
predominantly of the 1 : 1 type, but that they probably will also release a much 
larger percentage of it to forms available to plants. 



Fig. 3. Rate of Solution and Percentage op Fixed Potassium Released prom Six 
Alabama Soils BY Electbodialysis 

Samples of Hartsells soil were taken from a field experiment that provided a 
wide range of cumulative potassium additions over 18 years and analyzed for 
exchangeable and electrodialyzable potassium in an effort to determine whether 
field additions can affect the equilibrium rate of release of potassium. The results 
of this study are presented in figure 4. Calculations show that the exchangeable 
potassium in the soils from each of these treatments amounts to 0.8 of that 
represented by the point where rate of solution becomes essentially constant. 
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Thus, there is an increasing quantity of relatively soluble nonexchangeable 
potassium as the annual field additions are increased from 0 to 96 pounds of 
KaO per acre. These data show that there has been a measurable build-up of 
fixed potassium under field conditions even in a coarse-textured soil and that 
this fixed potassium is definitely more soluble than that contained in the native 
soil minerals. 



Fig. 4. Effect of Potash Fertilization on the Rate of Removal of Potassium from 
Hartsells Fine Sandt Loam by Electrodialysis 

SUMMARY 

Eight agriculturally important soils representing four physiographic regions 
and a wide range in chemical and mineralogical composition have been investi- 
gated from the standpoint of the transitions of potassium that occur between 
the exchangeable and nonexchangeable forms. The following tentative conclu- 
sions can be drawn: 

Considerable variation exists between the soils studied with respect to their 
rate of release of potassium from mineral forms. 

There was no apparent relationship between the capacity of the soils to release 
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potassium from nonexchangeable forms and either the total potassium content 
or its distribution among the particle size separates. 

There was no relationship between potassium release and the original ex- 
changeable potassium content, but the latter was the chief factor determining 
the total amounts of potassium absorbed by five crops grown in the greenhouse. 

Under some conditions field-applied potassium may accumulate in significant 
quantities even in coarse-textured soils. 

There is a wide range in the tenacity with which applied potassium is retained 
by the different soils against solution. Of the soils included in this study, those 
containing montmorillonite released fixed potassium more readily than did the 
kaolinitic soils. 
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The possibility that nitrites can react with amino acids and ammonia to form 
nitrogen gas in soils and plants has been emphasized by several workers men- 
tioned in previous publications (1, 2, 3) from this laboratory. Doubtless one of 
the main reasons for this view is the fact that this reaction occurs so rapidly and 
completely in the Van Slyke apparatus. In this apparatus the added amino acid 
commonly reacts with a large excess of NaN 02 in presence of glacial acetic acid 
and in an atmosphere of NO, which retards the decomposition of the nitrite. 

In our previous work (1, 2) no evidence was obtained to indicate that the 
nitrite-amino-acid reaction is responsible for any appreciable loss of gaseous 
nitrogen from green plants. Likewise, Jones (4), using tracer techniques, found 
no evidence of the reaction in soils. In another publication (3), reporting studies 
conducted in an atmosphere of air in buffered solutions, using Warburg vessels, 
it was observed that nitrous acid reacts to a limited extent with alanine to form 
nitrogen gas at pH values of 4.5 and lower. Where NaN02 was added at a con- 
centration of 0.05 per cent, the percentage of added nitrite that reacted in 5 
hours varied between 1.2 at pH 1.6 and 5.8 at pH 3.4. No gas was evolved at pH 
5.2 and above. It was concluded that it is unlikely that this reaction occurs to 
any marked extent in nature. This is because conditions for nitrite formation 
are not good at pH values that favor the reaction, and furthermore such low pH 
values are rather uncommon in soils and fresh waters. Any nitrites formed under 
such conditions are more likely to decompose to NO than to react with any 
amino acids or ammonia present. 

Although the work mentioned seems to show that the nitrite-amino-acid re- 
action is of negligible importance in soils, it seemed desirable to learn more about 
the effect of pH and nitrite concentration on the initial rate and completeness 
of the reaction under especially favorable conditions. This requires that the 
experiments be conducted in an atmosphere of NO, instead of air, otherwise the 
nitrite decomposes quickly when added to an acid solution, as already emphasized 
(3). The present paper presents data obtained under such conditions at various 
pH values and concentrations of NaN02. 

EXPERIMENTAL PROCEDURE 

The experiments were conducted in the standard type Van Slyke apparatus 
used for determination of amino acids. Certain modifications of the usual tech- 
nique were necessary, however, since dilute solutions of NaN 02 and 1 per cent 
phosphate buffer solutions were used. The NO was produced in an outside gen- 
erator by adding a 30 per cent solution of NaN02 to glacial acetic acid. The 
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reaction chamber of the Van Slyke apparatus was filled with the buffer solution, 
and the burette with water, so that all air was driven out of the system. Pure NO 
was next introduced into the reaction chamber from the outside generator after 
first being bubbled through a NaOH trap for removal of any traces of acid spray. 
The apparatus was then ready for addition of the amino acid and the NaN02. 
Varying concentrations of NaN02 were used, based on the theoretical quantity 
needed to react with the 3.12 mgm. alanine added in all experiments. These are 
designated as IX (2.42 mgm. NaN02), 5X, 25X, and 126X. By means of the 
Ostwald pipette, 1 ml. of alanine solution was first added to the reaction chamber 
and then 1 ml. of NaN02 solution of the desired concentration. After the vessel 


TABLE 1 

Percentagea of amino nitrogen converted into nitrogen gas at the 1B6X and 25X concentrations 

ofNaNOt 


pH OP BTJPFEB. 

NITROGEN GAS EVOLVED IN 

20 minutes 

1 hour 

1 day 

3 days 


% 

% 

% 

% 


126X concentration of NaNOz 


2.1 

38.3 

57.9 

95.8 

101.9 

3.1 

32.3 

51.9 

92.1 

104.0 

4.1 

15.8 

29.3 

87.4 

80.6 

6.3 

14.8 

18.2 

82.6 

81.4 

6.2 

9.0 

14.8 

71.8 

81.3 


26X concentration of NaNOt 


2.1 

23.8 

60.9 

78.0 

95.8 

3.1 

12.6 

26.4 

63.8 

82.8 

4.1 

5.9 

15.8 

47.4 

77.5 

5.3 

4.9 

12.0 

45.3 

62.4 

6.2 

0.0 

9.1 

2.5 

13.6 


was shaken to assure thorough nadxing, it was allowed to stand for the desired 
time. The NO was then absorbed in the usual manner by means of a EIMn 04 
solution, and the residual nitrogen gas measured in the burette. 

RESULTS 

The extent of conversion of amino nitrogen into nitrogen gas at various pH 
values and with different concentrations of NaN 02 during periods of 20 minutes 
to 3 days is shown in tables 1 and 2. No claim is made for extreme accuracy of 
the results, since the technique used is more difficult and less accurate than that 
used in the usual amino acid determination. The main source of error encoun- 
tered was the evolution of traces of a gas other than nitrogen, presumably oxygen, 
from the KMn 04 solution. This error, which was appreciable only for the longer 
reaction times, was corrected for by the use of suitable controls. The results 
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reported in tables 1 and 2 are the averages of two or more determinations for 
any given set of experimental conditions. 

A detailed discussion of the results is unnecessary. At the highest concentra- 
tion of NaNOa used, some nitrogen gas was produced by the nitrite-amino-acid 
reaction at all pH values from 2.1 to 6.2. The more acid the medium, the more 
rapidly the reaction proceeded. Likewise, the percentage of the amino nitrogen 
converted to nitrogen gas under all conditions increased with time of reaction. 
The amino nitrogen was completely converted to gas within 3 days or less only 
where the largest excess of NaNOg was added, and then only at a pH of 3.1 or 
lower. 

At the lowest concentration of NaN02 used (table 2), which is higher than is 
commonly found in nature, no nitrogen gas was formed during a period of 1 hour 
at pH values above 4.1, Even at pH 2 to 3 only 9 per cent of the amino nitrogen 
was converted into gas during this period. 

TABLE 2 


Percentages of amino nitrogen converted into nitrogen ga^ at the SX and IX concentrations 

of NaNOi 


pH OF BUFFER 

SX CONCN. NaNOt 

IX CONCN. NaNOj 

Nitrogen gas evolved in, 

Nitrogen gas evolved in 

1 hour 

3 days 

1 lionr 

3 days 


% 

% 

% 

% 

2.1 

22.9 

94.4 

8.9 

35.6 

3.1 

14.8 

78.9 

8.9 

20.2 

4.1 

11.9 

53.8 

7.0 

6.1 

5.3 

10.8 

1 17.1 

0.0 

5.9 

6.2 

7.0 

1 10.8 

0.0 

0.0 


The results reported here serve to extend our knowledge of the extent of the 
reaction at various pH values and concentrations of reactants under conditions 
made especially favorable. Failure to obtain the formation of nitrogen gas under 
these conditions would seem to establish that such a reaction is extremely un- 
likely to occur in air. Likewise, the formation of gas constitutes no proof that 
gas would be formed if air were substituted for the NO, since nitrite is much less 
stable in air. The present results serve as a supplement to those already reported 
(3). So far as comparable, they are in complete agreement with these earlier 
results and confirm the conclusion previously reached, namely, that loss of 
gaseous nitrogen as a result of the nitrite-amino-acid reaction is of minor im- 
portance in soils and plants. 

SUMMARY 

Laboratory studies dealing with the reaction of NaN02 with an amino acid to 
form nitrogen gas in solutions buffered at various pH values, and maintained in 
nitric oxide, are reported. 
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Nitrogen gas was formed to at least some extent over the pH range of 2.1 to 
6.2. The initial rate and completeness of the reaction decreased with decrease in 
acidity and concentration of nitrite added. Only at the highest acidity (pH 2.1) 
and at the highest concentration of NaN 02 (126 times theoretical) was the re- 
action complete within a 3-day period. At concentrations of nitrite corresponding 
most closely to those found in soils, no nitrogen gas was formed during a period 
of 1 hour at pH values above 4.1, and even at higher acidities only 9 per cent of 
the amino acid reacted. In air, nitrous acid decomposes so rapidly that there 
would be much less opportunity for the reaction to occur. Appreciable loss of 
gaseous nitrogen from soils by this mechanism, therefore, seems improbable. 
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A NOTE ON THE PRESSUEE PLATEN-MEMBRANE APPARATUS 

N. COLLIS-GEORGB 
School of Agriculture, Cambridge, England^ 
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The advantages of the pressure plate-membrane apparatus over direct suction 
methods have been adequately described in the literature. Pressure plate and 
pressure membrane apparatus are similar in every respect but that of the com- 
position of the permeable membrane. In each case, this is chosen to (a) allow 
water continuity and movement from the soil water in the sample in contact 
with the membrane to the free water outside the ceil; (6) allow free salt diffusion 
through it; and (c) prevent rapid diffusion of the compressed gas out of the pres- 
sure cell. Pressure plates of sintered glass are generally restricted to pressures of 
less than 2 atmospheres, whereas membranes of cellophane or Visking sausage 
casing may be used for pressures up to 177 atmospheres (10). For convenience, 
the expression “pressure plate’ ^ is used in this paper, regardless of whether mem- 
brane or plate is involved. 

Pressure plate apparatus has been used to obtain soii-moisture-hydrostatic- 
pressure relationships for many diverse experiments described in the literature 
(1, 2, 4, 5, 6, 8, 9, 13). In most of these experiments, the results have been applied 
in further investigations without comment on their accuracy, and very often the 
description of exact procedure has been omitted. L. A. Richards^ has stressed that 
pressure cells can be operated in many ways that will give wrong results. The 
purpose of this note is to draw attention to the requirements for obtaining the 
true equilibrium moisture content under ideal experimental conditions and to 
distinguish this from the ^'equilibrium” moisture content determined when water 
flow from the cell has apparently ceased for any given applied pressure (where 
the time taken for samples 1 cm. thick generally varies between 6 and 48 hours, 
depending on the texture of the soil). This "equilibrium” moisture condition is 
difficult to pinpoint, as the flow of water will approach zero asymptotically 
with time. It is suggested that this so-called "equilibrium” be called the "time 
equilibrium,” as it will vary with the time of sampling. 

In experiments on samples of separated clays in this laboratory, it was noticed 
that samples did not reach an equilibrium moisture content for any given air 
pressure applied to the sample when water flow had apparently ceased from the 
cell but that with time the samples became progressively drier. 

The experimental conditions under which behavior occurred were as follows: 
a membrane of cellophane; atmospheric air, compressed and driven straight into 
the cell at the relative humidity conditions then prevalent in the laboratory air, 

^ The author acknowledges the helpful comments and criticism concerning soil -moisture 
equilibria by E. C. Childs of the A. R. C. Soil Physics Unit, Cambridge, England, and by 
L. A. Richards of the U. S. Salinity Laboratory, California. 

® Private communication. 
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that is, the air in contact with the clay contained water vapor of unknown 
and uncontrolled pressure. 

In this experiment the cellophane membrane was replaced as often as the 
leak of air through it made it impracticable to keep the pressure up in the cell. 
(The membrane was replaced when the pressure had fallen to zero in 24 hours 
after the cell was charged.) Punctures and leaks in the cellophane appear 
erratically and very quickly, and the total loss of air during the course of the 
experiment cannot in any way be compared to this maximum leakage rate of 
5 X 10”® cc,/sq. cm./second/atmosphere. The sample of clay lay in good contact 
with the membrane and had a maximum thickness of 7.5 mm., which, from the 
literature, would be assumed to have reached '‘time equilibrium’^ in 2 days. 

The continuous loss of water from the sample was presumed to be caused by 
the lower water vapor pressure of the air supplied to the cell in contrast with 


TABLE 1 

Decrease in moisture content with time for continuous supply of air to Na-saiurated 

Putnam clay* 


PEESSUKE OP GAS APPLIED 

TIME OP MAINTENANCE 

OF GAS PEESSUEE 

MOISTDEE CONTENT OP SAMPLE 

AT END OP PEEIODf 

Ib./sg. in. 

days 

per centX 

60 

0 

129.5 

60 

26 

111.5 

60 

41 

77.9 

60 

29 

69.1 

120 

45 

60.5 

120 

67 

38.8 


* Originally suspended in 3^ iV" NaOH solution. 

t Duplicate samples were taken in some cases : the samples were not returned to the cell 
after sampling. 

t Of dry weight. 

that which would be in equilibrium with the clay if there were no movement of 
air. No loss of moisture due to the actual changing of membranes is likely, as 
the cellophane was water-saturated before use. The loss of water due to exposure 
of the samples to the laboratory atmosphere during sampling and changing of 
membranes can be ignored because the total exposure time was small and the 
air to which the samples were exposed was of the same relative humidity as the 
air supplied to the cell. The error due to these causes in each stage in table 1 is 
expected to be less than 2 per cent. The results in table 1 demonstrate that long 
after water flow from the pressure plate apparatus had ceased, that is, after 
"time equilibrium” was reached, the clay continued to lose moisture by gaseous 
diffusion, and under the stated conditions it becomes impossible to define the 
moisture content for a given applied pressure, which was the original object of 
the experiment. 

In some pressure plate experiments described in the literature (7), pure nitro- 
gen gas has been used and the apparatus designed to allow fairly extensive mem- 
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brane diffusion without fall in pressure. Seemingly, under these conditions the 
gas supplied will be water vapor free. As long as gas escapes there will be a con- 
tinuous loss of water from the samples, in an attempt to bring the gas in the cell 
to a relative humidity in equilibrium with an ever-decreasing moisture content 
of the sample. 

From these premises, it would seem to be necessary to premoisten the air or 
gas supplied to the pressure plate to the relative humidity with which the sample 
will be in equilibrium at the pressure applied. 

In the following section the theoretical considerations necessary to calculate 
the relative humidity to be encountered inside the pressure plate apparatus are 
outlined. 

THERMODYNAMIC CONSIDERATIONS 

By thermodynamic reasoning it can be shown that the relation between the 
osmotic pressure of a solution at zero hydrostatic pressure and the vapor pres- 
sure in equilibrium above it is given by 

TT - ET/Flnpo/p ( 1 ) 

where R is the gas constant, T the absolute temperature, p the vapor pressure of 
the solution and po the saturation vapor pressure at the same temperature, and 
V the partial molar volume of water. If the partial molar volume is assumed to 
be almost the same as the molar volume of pure water, expression (I) becomes 
at 20®C. and in centimeters of water 

T = 3.18 X 10®logio (po/p) {2) 

Similarly it can be shown that an identical relationship exists between the 
pressure applied to the soil in the pressure plate apparatus, or between the 
suction (pressure deficiency) in a Haines type apparatus, and the lowering of 
water vapor pressure in equilibrium with a soil which has zero osmotic pressure; 
namely, at 20°C. and when the applied pressure is measured in centimeters of 
water 

H ^ 3.18 X 10« logic (po/p) {S) 

In a soil containing ions, and hence with some osmotic pressure, and also in 
the pressure plate apparatus under a pressure H, the vapor pressure lowering 
relation becomes at 20^0. 

T + H = 3.18 X lO^b^^ (4) 

H, the pressure to be applied to the soil, is easily measured. The osmotic pres- 
sure when water has stopped leaving the sample and the sample has reached 
equilibrium under the applied conditions cannot be determined, however, until 
the experiment is finished; but as the order of tt is required before the experiment 
can begin, an approximation must be made. This is done by subjecting the sample 
to the required H without any vapor pressure considerations, and as quickly as 
possible and with a minimum of gas leakage collecting a specimen of the exudate. 
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The osmotic pressure of this exudate, though probably less than that at equi- 
librium with the applied H and tt, can be substituted in {4) to provide the order 
of magnitude of the water vapor pressure required for the air or gas used in the 
cell." 

APPROXIMATE CALCULATIONS OF VAPOR PRESSURE 

For dilute undissociated solutions 

X = cRT {5) 

where c is the concentration of the solute in moles. 

For solutions of salts 

X = 'LaiRT (6) 

where a* is the activity of each ion species in gram-ions, and where a* = jiCi , 
and yi is the activity coeiBcient of each species. A discussion of the activity 

TABLE 2 


Osmotic pressure for solutions of uni-univalent electrolytes assumed to be completely dis- 
sociated j and equivalent total pressure applied to samples in pressure plate apparatus in 
terms of actual applied gas pressure and osmotic pressure 


NOBJMALITY OF SOLUTION 
(fix s= ai) 

OSMOTIC FUESSmUE* 

TT 

EQUIVALENT TOTAL FEESSURE* (v -f B) UNDER APPLIED GAS 
PRESSURES,* St OP 

100 

1,000 

10,000 

100,000 

OMN 

497 

597 

1,497 

10,497 

100,497 

0.1 AT 

4,972 

5,072 

5,972 

14,972 

104,972 

IN 

49,720 

49,820 

50,720 

59,720 

149,720 


* All pressures in centimeters of water at 20°C. 


coefficient, 7 », and its variation with the mean ionic activity, is out of place 
here. It suffices to say that the value of n for commonly occurring salt concentra- 
tions is tabulated in text books dealing with electrolytic solutions in any detail, 
for example. Earned and Owen (3). 

It is necessary, however, to give the order of the osmotic pressure effect on 
vapor pressure. As a first approximation it will suffice to take y* equal to unity, 
that is, Ut = Ci , when equation {6) at 20'’C. and in centimeters of water becomes 

X = Zci X 2.486 X 10^ (7) 

Table 2 gives the value of x and of the corresponding sum of x + H for uni- 
univalent electrolytes. The conversion of these total pressures in centimeters of 
water to relative humidity (p/po) by {4) is given in table 3. 

From these calculations, it would appear that rarely will the relative humidity 
in the pressure plate apparatus be theoretically less than 90 per cent, and as a 
first approximation it would also appear that use of pure water as a presaturator 
would give vapor pressures much nearer to those required by theory than those 
resulting from use of dry air or gas. 

* At equilibrium, tbe true value oi H ir is precisely determined by the freezing point 
depression of the sample (12), when logio (J? t) = pF. 
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To obtain the concentration of the ion species in the soil solution, c* , it is 
necessary to examine the first exudate from the pressure plate apparatus at the 
applied pressure, JT, by, for example, electrical conductivity measurements or 
quantitative analysis, and then convert this Ci to Ui ( = yiCi) by use of appropriate 
tables of activity coefficients (3); or to obtain o,- , which is theoretically required 
for equation (7), the exudate must be examined by either freezing point depres- 
sion measurements (which, being a coiligative property, would be the most 
satisfactory method leading to a calculation of vapor pressure lowering) or by 
e.m.f. measurements where suitable electrode arrangements are possible. 

As the experiment progresses, each subsequent exudate would be examined 
and Ri or d determined, the vapor pressure corresponding to these activities 
could be calculated, and a suitable presaturator of the appropriate relative 
humidity used. 


TABLE 3 

Relation of applied gas pressure and strength of soil solution in terms of uni-univalent 
electrolyte to relative humidity of gas in equilibrium with the soil 


NOSMALITY 

APPLIED PRESSURE 

100 

1,000 

10,000 i 

100,000 

0,01 N 

.9995 

.9989 

.9924 

.9298 

0.1 N 

.9963 

.9967 

.9892 

.9268 

IN 

.9646 

.9640 

.9576 

.8972 


The most suitable presaturators, requiring little attention, would allow re- 
peated bubbling of gas through saturated solutions of salts in the presence of the 
solid phase. For example, a saturated solution of K 2 Cr 207 has a relative humidity 
of 98.4 per cent; K 2 SO 4 = 97.3 per cent; Na 2 HP 04 = 95 per cent; K 2 HPO 4 = 
92 per cent. 

DISCUSSION 

When the diffusion of gas through the membrane of the pressure plate appara- 
tus is appreciable, the presaturation of the gas or air to a given water vapor 
pressure (to be in equilibrium with both the pressure of gas applied and the 
osmotic pressure of the soil solution and calculated as previously outlined) is 
necessary for the soil to reach equilibrium. The greater the pressure or the salt 
content of the sample, or both, the lower the equilibrium relative humidity 
should be. The use of a drier gas will cause the sample to become progressively 
drier as the gas continues to leak through the membrane of the cell. With the 
use of a gas wetter than that required, no true equilibrium can be reached, as 
the sample will attempt to expand and adsorb water to reach equilibrium with 
this high relative humidity while exuding water under the effect of the applied 
pressure. With the correct relative humidity of applied air pressure, the wet 
sample will dry until as much water will leave the cell, in the form of vapor, as 
enters, and the sample will be at the theoretically required or hydraulic equi- 
librium moisture content, The ‘Time equilibrium” condition, reached by the 
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present practice of sampling when liquid water flow from the sample stops, is 
likely to be wetter than the hydraulic equilibrium condition. At the moment, 
the only convenient method of detennining when hydraulic equilibrium has been 
reached is by repeated sampling and weighing until constant moisture content 
is obtained. 

The use of membranes, such as Visking sausage casing, has in fact reduced 
diffusion losses of gases considerably, and the error described in the preceding 
paragraph will be small when the starting point is either a dry or a wet gas, 
provided sufficient time is allowed for thermodynamic equilibrium to be reached. 
In the ideal experiment where there is no loss of gas through the membrane, 
the sample will be in true hydrostatic equilibrium with the applied pressure as 
soon as water flow finishes, since there is only a limited volume of air to reach 
equilibrium relative humidity. The moisture content at hydrostatic equilibrium 
will, of course, be equal to that obtained by hydraulic equilibrium methods. 

In cells where loss by diffusion is so small that a sample is able to lose water 
through the membrane to satisfy the applied pressure and simultaneously moisten 
the constant amount of enclosed gas to the equilibrium vapor pressure without 
itself being overdried, it is obviously improper to have more than one sample 
enclosed in the cell. In this case each soil, having its own osmotic pressure, 
will have a different equilibrium water vapor pressure, which could not be satis- 
fied for all soils in one cell. Eichards (10, 11) and Richards and Weaver (8, 9) 
have described cells specifically designed to accomodate large numbers of differ- 
ent soil samples simultaneously. Related to this error, and developing from the 
use of air compressors and automatic pressure controls to maintain constant 
pressure, is the linking of several cells to a common pressure line, thereby allow- 
ing water vapor diffusion between the various soils in the various cells. It is 
expected that this error will be negligible. In multisoil cells though no evidence 
is yet available, the error will obviously be much greater. Though both ‘^time 
equilibrium’’ and hydraulic equilibrium for a particular rate of air flow and 
relative humidity may be attained, the experiment will not allow true thermo- 
dynamic equilibrium for each sample. In this case, hydraulic equilibrium will 
differ from thermodynamic equilibrium, and even hydraulic equilibrium will 
vary with experimental procedure, but not with time. 

Although operators have obtained consistent and replicated results with a 
nonideal experimental procedure, it is likely that if the time to attain equilibrium 
or the number of samples in “equilibrium” with one another were changed, 
different moisture contents for each pressure would be obtained. Each operator, 
however, will have to decide whether the information required justifies the 
additional trouble and expense of finding how great is the difference between 
“time equilibria” and hydraulic equilibria. It is suggested that future published 
results from pressure plate apparatus should state precisely how they have been 
obtained. 

L. A. Richards has drawn to the author’s attention the question of tempera- 
ture control. Equations (1) and (4) are both dependnet on temperature, and the 
equivalent relative humidity should be calculated for the prevailing laboratory 
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temperature. Variations in temperature during an experiment at a given pressure 
alter the relative humidity and may even produce dew. In this case, even ^‘time 
equilibrium” as commonly determined will vary and hydraulic equilibrium can- 
not be attained. 

SUMMARY 

Results are given to show that the moisture content of a soil in a pressure 
plate apparatus decreases indefinitely when a dry gas is used and gaseous diffu- 
sion through the membrane is continuous. 

It is pointed out that for any soil sample there is only one water vapor pressure 
of the applied gas which can be in thermodynamic equilibrium with the sample. 
This vapor pressure depends on the osmotic pressure of the soil solution and the 
pressure of the gas applied. 

From the literature, it would appear that generally the moisture content of 
the sample is determined for a given pressure when the outflow of liquid water 
through the membrane has become negligible. It is suggested that this condition 
be called a ''time equilibrium,” which will vary with the time of pressure applica- 
tion. It is further suggested that the condition under which the humidity of the 
gas leaving the apparatus is the same as that entering be called "hydraulic 
equilibrium.” Except for multisoil apparatus, this equilibrium will be thermo- 
dynamically true and the relative humidity involved will be the one in equi- 
librium with both applied pressure and osmotic pressure. True hydrostatic equi- 
librium can be reached only with an ideal membrane that is permeable to water 
but completely impermeable to gases. 

Under the conditions of hydraulic equilibrium and ideally of hydrostatic equi- 
librium, it is possible to relate a given moisture content to a given applied pres- 
sure with no ambiguity. 

The requirements for hydraulic equilibrium are outlined and examples of 
deviations from these requirements are given. 

It is pointed out that the difference between "time” and "hydraulic” equilibria 
has not yet been investigated, but depending on the subsequent use made of the 
results, the difference may not Justify changes in existing procedures. It is sug- 
gested that precise experimental conditions be included when results for pressure 
plate-membrane apparatus are reported. 
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LESSONS FROM THE FIRST HALF CENTURY OF SOIL SURVEY: 

II. MAPPING OF SOILS 
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The first paper in this series (7) presented a brief sketch of the development of 
soil classification in the United States since soil surveys were begun in 1899. 
It also outlined a number of the lessons evident from that development. Simi- 
larly, a review of the field methods used over the half century is instructive 
because the changes in approach have been as great as the changes in classifica- 
tion. A number of lessons, especially useful in formulating mapping programs, 
can be taken from experience in the United States. 

EARLY SOIL MAPPING 

In the first ^^detailed” soil surveys, the field men covered large areas during 
each season. For example, according to the first report of field operations (11), 
80 man-days were required to map 400 square miles in the Connecticut Valley 
of Massachusetts and Connecticut in 1899. This is an area of brown podzolic 
and related soils. Five years later, Tama County, Iowa, was mapped for a total 
cost of $1,000 (2). Tama County, with an area of 710 square miles, lies in the 
heart of the prairie soil region. 

The early soil maps have simple patterns with large individual areas. For 
example, the sod map of the Connecticut Valley shows 10 soils in the 400 square 
miles, whereas that for Tama County shows five soils in 710 square miles. These 
patterns are a reflection of what was known about soils and their classification 
in the first decade of the American soil survey. Early instructions to field parties 
(9, 11) state that areas of distinct soils should be separated on the field sheets 
whenever they were 34 ™le or more in diameter. As time passed, the size of 
the smallest area to be shown on the map was gradually reduced from 40 to 10 
acres. Instructions in 1914 (10) state that an area of 10 acres is the smallest that 
can be conveniently shown on a published map with a scale of 1 inch equals 1 
mile (1:63,360). 

The early reports of field operations gave some emphasis to the adaptation of 
soils to a crop or crops. Fifteen years after the first survey had been made, the 
instructions (10) carried the following statement: “The purpose of a soil survey 
is to map, classify and correlate soils, to determine and describe their field charac- 
teristics, to report on the actual use being made of the soils and on their adapta- 
tion to various crops, so far as can be determined, and upon the relative pro- 
ductivenessof the several soil types.’’ From a study of the maps and text, however, 
it is clear that the field scientists were thinking in terms of broad areas with 
important acreages of soils suitable for a crop or crops. They were not thinking 
of the specific use and management of soils within fields and of predicting yields 
from those soils. 
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Even during the first years of soil survey, distinctions were made in the nature 
of the field work from one place to another. The first report (11) shows that field 
men in 1899 mapped 5 square miles a day in the Connecticut Valley of New Eng- 
land and 1 square mile a day in the Pecos Valley of New Mexico. The former 
region was one of general farms in which small bodies of soil were not thought to 
be important. The latter was an irrigated area in which smaller soil areas were 
obviously important to success or failure of a farmer. Some time within the first 
decade of the soil survey, distinctions between detailed and reconnaissance sur- 
veys were made on the basis of the network of field observations. 

COMPAEISON OF PKESENT AND EAKLY MAPPING 

The examination of the land is far more detailed and thorough at present than 
it was in the soil surveys of the first decade. The modern soil survey is the most 
detailed examination of land being made over extensive areas. The differences 
between early and modern field methods are evident in rates of progress, in the 
number of soil units recognized in field work, and in the scale and complexity of 
published soil maps. 

In making a modern basic soil survey, the field men must see every one of 
the boundaries throughout its entire course. This need, plus the additional 
studies made in present-day surveys, is responsible for the sharp increase in 
time spent per unit area. Putting it another way, this more thorough examination 
of the land surface is a primary reason for the much lower rate of progress per 
man-day of field work. 

In the soil survey of Tama County, Iowa, in 1904 (2), the field man covered 
5 square miles a day. Field work in the same county 30 years later was at an 
average rate of 1 square mile per man-day. At present, a competent field scientist 
can cover 200 to 640 acres a day, depending on the complexity of the soil pattern 
and the relationships between distribution of soils and readily observable features 
such as topography. Many more observations per unit area are made now than 
were made in the early soil surveys, and many more areas are delineated on the 
soil maps. 

The classification is much more detailed now than it was 40 years ago: where 
five soil types were mapped in Tama County in 1904 (2), 50 soil types and phases 
were recognized in 1938 (1). Similar comparisons may be drawn from other 
areas. Only 14 soils are shown on the map of Grainger County, Tennessee, made 
in 1906 (5), whereas 128 soil types and phases are shown on the map issued in 
1948 (3). 

The increase in time per unit area for field work would be even greater in the 
United States were it not for the aerial photographs that are available generally 
for use as base maps. Only 20 years ago, soil scientists spent part of their time 
in the field making traverses to provide ground control for the construction of 
base maps. At that time, base maps on which soil boundaries could be plotted 
were not generally accurate enough to warrant the detail now common in our 
basic soil surveys. If the soil map of a given area is to be highly detailed, soil 
boundaries must be placed accurately ivith reference to local features, such as 
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streams, houses, and roads. This can be done rather easily on aerial photographs. 
The quality of a detailed soil survey anywhere depends greatly upon the quality 
of base map materials available. With aerial photographs generally available in 
the United States, the soil scientist can give his time to the study of soils and the 
sketching of soil boundaries. Without those photographs his problem of keeping 
himself located on the ground so that his boundaries could be placed with the 
same accuracy would be immeasurably greater (6). 

Comparisons of early and present-day soil maps for the same area clearly dem- 
onstrate the change over the first half century. Detailed soil maps were published 
at a scale of 1 inch equals 1 mile (1:63,360) in the early days of the soil survey 
and down to fairly recent times. Present detailed maps are published largely at 
scales ranging from 2.6 inches equals 1 mile (1:24,000) to 2 inches equals 1 mile 
(1:31,680), with a few at a slightly smaller scale (1:48,000). Thus the map for 
a given area is now three to eight times as large as was the map in 1899. Further- 
more, the modern map carries about 16 times as many miles of soil boundaries. 
This is at once apparent from a comparison of the two maps of Grainger County, 
Tennessee, one published at a scale of 1:63,360 in 1906 the other at a scale of 
1:24,000 in 1948. 

NATURE OF MODERN SOIL SURVEYS 

The present concept of the soil survey is more inclusive and more explicit 
than that of 40 years ago. There are, however, many similarities in concept, as 
might be expected in a program that has developed continuously over the years. 
One function of the soil survey is to increase agricultural eflSiciency. Modem 
soil surveys are designed (a) to determine the characteristics of soils; (6) to 
classify them into defined units; (c) to establish and plot their boundaries on 
maps; and (d) to predict their suitability for various crops, grasses, and trees, 
their behavior under different use and management practices, and the yields of 
adapted plants under specified management systems (8). This concept is broader 
and more sharply defined than that expressed in statements prepared some 40 
years ago (10). One of the main purposes of the soil survey, like that of other 
research, is to make predictions. To make sound predictions, however, it is 
necessary to accumulate a considerable body of knowledge about soils and their 
behavior. 

Not all elements of the modern soil survey are considered in this discussion, 
although they are important in making adequate soil maps and sound interpre- 
tations. Furthermore, no effort is made to distinguish between the various types 
of surveys necessary in different landscapes and for different purposes. Readers 
who want more information about the nature and functions of soil surveys are 
referred to the soil survey manual (8). 

The field mapping and associated research answer the first three purposes of 
the soil survey. From these studies come the determinations of important 
characteristics of soils, the classification of soils into types and phases, and the 
map showing their distribution and extent. The field mapping includes the work 
of walking across the land at intervals to examine and identify the soils and to 
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plot their boundaries on maps (usually aerial photographs). Prior to and con- 
currently with the field work of mapping, it is also necessary to make field studies 
of soil morphology and conduct various laboratory investigations. These are to 
determine the important characteristics for the classification of the soils and to 
improve the understanding of soil genesis. These studies provide information 
on such characteristics of soils as chemical composition, physical constitution, 
mineralogical nature, and cation-exchange relations. All this research, only 
part of which is effective in the production of soil maps, is necessary to proper 
definition and mapping and also adds to the general knowledge of soils. The in- 
formation and knowledge thus gained provide the guide lines for the field scien- 
tists who make the maps and prepare interpretations. The validity of the classi- 
fication, the quality of the maps, and the usefulness of the interpretations are 
direct reflections of the knowledge of the men doing the work, including the 
supervisors as well as the field scientists. 

To answer the fourth purpose of the soil survey, the behavior of soils under 
different methods of handling must be determined. Predicting the yields of 
crops, grasses, or trees or the long-time effects of management practices on the 
soil cannot be accomplished from knowledge of the nature, extent, and distribu- 
tion of soils alone. It requires the synthesis of data from several fields of knowl- 
edge, including the various branches of soil science. Judgments as to the useful- 
ness of a soil for cultivation or for grazing can be made only with some form of 
agriculture in mind. The probable value of a soil for each of the alternative uses 
also depends upon the comparative prices of the expected products. Soil surveys 
provide data directly on Jbhe kinds, distribution, and extent of soils; additional 
sources of information must be drawn upon to determine the behavior of soils 
in agriculture, forestry, or engineering. 

PROGRAM OP SOIL SURVEYS AND MAPPING 

From experience with soil surveys over a half century in the United States, 
it follows that the chief purpose of a soil mapping program is to determine the 
nature, distribution, and extent of different soils. Mapping is also important, but 
less so, in testing and further developing the classification scheme. 

To be useful for practical objectives, maps must show geographical areas that 
are homogeneous enough to permit the making of predictions about soil behavior 
for the purpose at hand. Small areas must be outlined where a high degree of 
homogeneity is necessary, as, for example, when farm advisors make specific 
recommendations for fertilizer use and crop rotations for specific fields. Broad 
areas with much lower degrees of uniformity can be used for blocking out lands 
that might be suitable for settlement in undeveloped regions. Consequently, 
information about the nature, distribution, and extent of soils is needed at a 
number of levels of generalization. The job in a program of soil mapping is to 
meet the various needs as quickly and completely as is feasible. Five successive 
steps are therefore suggested in this section for a program of soil mapping in 
undeveloped areas (4) where little is now known about the soils. The whole 
sequence of steps may not apply to every area, but some of the steps commonly 
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will. Which of the steps may be applicable will depend upon the progress ah 
ready achieved. 

1. First, a soil association map can be compiled from existing sources of information such 
as climatic data, topographic and geologic maps and reports, vegetation maps and reports, 
aerial photographs, notes by scientific travelers, and observations on reconnaissance trips. 
This map would be a first approximation, probably on a small scale, to show soil associa- 
tions. The number of soil associations outlined on the map and the degree of homogeneity 
of each will be governed by the amount of information at hand. In some cases, the scale of 
the map upon which association areas are outlined becomes the limiting factor in the detail 
that can be shown. 



Fig. 1. Map Showing Soil Association Abeas in Humphreys County, Tennessee 

The small cross-hatched blocks, A and B, are sample areas for which detailed soil maps 
are given in figure 2. 

The several possible sources of information are not all of equal value. Information on 
climate, topography, geology, and vegetation — especially in the form of reliable maps—will 
be very helpful in plotting the boundaries of soil associations. Aerial photographs will also 
be extremely useful. Notes made by scientific travelers, other than soil scientists, will have 
limited usefulness but can be used to some degree in the absence of better information. By 
and large, reconnaissance trips by competent soil scientists will be especially helpful in 
obtaining reliable information. Such reconnaissance trips should be made wherever they 
are possible, either during original compilation of the map or to check it in the early stages 
of preparation. 

Soil associations are areas or bodies of land with a characteristic and recurring pattern 
of soils- Thus, each association is uniform with respect to soil pattern rather than with 
respect to soil itself. For the most part, soils occur as small intermingled areas of soil types 
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and phases, usually unlike one another to some degree. In many ways, soil associations are 
like plant associations. Under natural conditions, certain plants grow together in an area. 
In the same way, certain soils characteristically occur together, and the area in which they 
occur in a characteristic pattern is a soil association. Both soil and plant associations are 
thus geographic units useful in providing a picture of a region. 

To illustrate the concept further, a map of soil associations in Humphreys County, 
Tennessee (12), is shown in figure 1. Five associations are outlined in a county with a total 
area of 555 square miles, and the units shown have a high degree of uniformity of pattern. 
The principle of similarity of pattern from place to place within units will apply, however, 
whether the associations are narrowly or broadly defined. In the map shown in figure 1, 
the kinds of soils, the patterns they form, or both, differ from one soil association to the 


Scale 
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Fig. 2. Detailed Soil Maps op Small Blocks in Two Soil Associations in Humphreys 

County, Tennessee 

Block A shows the soil pattern in the Bodine-Baxter-Dickson association; block B repre- 
sents the Dickson-Lawrence-Guthrie association. Principal soil types and phases in the 
two blocks are: Be, Bodine cherty silt loam; Bes, Bodine cherty silt loam, slope phase; 
Bez, Bodine cherty silt loam, steep phase; Dl, Dickson silt loam; Dls, Dickson silt loam, 
shallow phase; Ln, Lawrence silt loam. 

next. The difference is indicated in figure 2 (A and B), which consists of detailed soil maps 
of blocks in two of the soil associations shown in figure 1. The much more intricate soil 
pattern of the Bodine-Baxter-Dickson association (A) is immediately evident. Differences 
in the proportions of Dickson soils, common to the pattern in both associations, are also 
readily evident. Additional patterns of soils in an association are indicated by the block 
diagram showing geographic relationships in north-central Iowa, included in the earlier 
paper of this series (7). 

2, Detailed soil surveys should next be made of carefully selected sample areas of the 
major associations outlined in the first step. Each of these might cover 1 to 30 square 
miles, the size and number depending upon the soil pattern in the area. During the course of 
these detailed surveys, the classification of the soils into types and phases should be de- 
veloped. Concurrently with the mapping of the sample areas, investigations should be 
carried on so far as feasible to determine the properties of soils and their behavior in agri- 
culture, forestry, and engineering. 
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3. As the soil surveys of sample areas are completed, keys to show relationships among 
soils and groupings of various kinds should be prepared. For any given area, simple keys 
should be constructed to facilitate identification by agricultural advisors and others of the 
soil types or phases mapped in the sample area survey. These keys need only point out 
local relationships; they need not show relationships of soils in the area to those of larger 
regions. Examples of useful keys to aid in local identification of soils are charts showing 
relationships of the individual types and phases to parent materials and drainage. Soils 
can be grouped to illustrate genetic relationships and to aid users of soil survey data, 
especially in agriculture and forestry. A number of different kinds of groupings are possible, 
depending upon the purpose at hand. For example, soils can be grouped into series, families, 
and great soil groups to show genetic relationships. They may be grouped according to 
their suitability for a crop or a combination of crops. They may be grouped according to 
use-capability within a specified agriculture. These latter steps must go beyond the limits 
of soil science alone and draw upon fields such as agronomy, horticulture, and forestry. 
Thus, this becomes an interpretative step, based in part upon the soil survey and in part on 
other sources. 

4. After the sample areas have been mapped, the second approximation of the soil associ- 
ation map can be prepared. The boundaries as first outlined can be refined in many instances 
and the associations themselves can be defined much more completely. Data from sample 
areas will permit far more specific descriptions as to patterns and percentages of soil types 
and phases within each association. 

The second approximation of the soil association map can be used as part of the basis for 
public planning in the use of land. It will be helpful in such planning as is required in rural 
zoning, for the guidance of land settlement, and in any search for possible sites for irrigation 
and drainage projects. 

fi. After the revised soil association map is available, the soil surveys should be extended 
over the whole region as rapidly as the knowledge of the soils and the available funds will 
permit. It will probably be true without exception that available funds will not permit the 
mapping of soils of an entire country or district within a short time. Moreover, it will cer- 
tainly be true without exception that the adequacy of surveys depends at all times upon the 
results of other types of research, research that may not be completed for a number of years. 
The first detailed soil surveys are commonly more useful in pointing out major research 
problems than in solving those problems. They will have important usefulness in a land 
improvement program, to be sure, but they will also be found inadequate for a number of 
purposes in the future as a program of soil research goes forward. Consequently, it would 
not be desirable to outline a program for the complete mapping of a country within a few 
years even though funds might be obtainable. 

Areas to be mapped should be selected on the basis of need and interest . As these surveys 
are made, it is of extreme importance that investigations to determine the characteristics 
and behavior of the soils accompany the mapping program. Research on the properties and 
responses of soils to management should go forward at the same time as do the programs of 
soil classification and mapping. 

This approach has a number of advantages for regions where limited informa- 
tion on the nature, and distribution of soils is at hand. First, the existing informa- 
tion about soils is assembled, organized, and analyzed so as to be of maximum 
usefulness. This ioformation is not only helpful in dealing with broad questions 
covering large regions but it also provides a much better basis for the selection 
of areas in which detailed surveys will be made. The latter can go forward as 
rapidly as resources will permit in the sample areas. The combined use of a 
soil association map with basic soil surveys of sample areas permits the making 
of detailed predictions by soil types and phases as well as more accurate defini- 


330 


ROY W. SIMONSON 


tions of the soil associations themselves. Much information already at hand can 
thus be placed in a form usable by agricultural advisors, government oflScials, 
and others. It is of the utmost importance in following this approach to make 
information, including maps, keys, yield predictions, and the like, available to 
agricultural advisors who must deal with individual farmers. These aids will 
help the advisors to become better acquainted with the soils in their respective 
areas and will become a part of their working knowledge. 

At the other extreme, the approach will provide data of great usefulness in 
regional programs of development. The best possible synthesis and appraisal 
of available knowledge about the soils of a region are essential in the intelligent 
planning of programs for settlement, for irrigation, for the building of roads and 
railways, and for many other purposes. Settlement experience in the western 
United States demonstrates beyond question the possible usefulness of prior 
knowledge of soil resources. Most of the area w^as occupied without such knowl- 
edge and with great waste of effort and w^ealth. Abandoned homesteads over 
much of the Great Plains have served as graphic evidence of settlement attempts 
without adequate understanding of soil potentialities. Full use of the informa- 
tion available about the natural resources of the Great Plains prior to settlement 
could have forestalled many of the failures. Full use of the knowledge available 
or obtainable about soils and their behavior is even more important in regional 
development today than it was 50 years ago. Tested methods for assembling 
and evaluating information about soils are important parts of the lessons that 
can be learned from the first half century of soil survey in the United States. 

REFERENCES 

(1) Aandahl, a. R., and Simonson, R. W. 1950 Soil survey of Tama County, Iowa. 

U. S. Dept. Agr. Ser. 1938, No. 22. 

(2) Ely, C. W., Coffey, G. N., and Griffen, A. M. 1904 Soil survey of Tama County, 

Iowa. Field Oper. Bur. Soils Rpt. 6: 769-790. 

(3) Hubbard, E. H., Matzek, B. L., and Jenkins, C. 1948 Soil survey of Grainger 

County, Tennessee. U. S. Dept. Agr. Ser. 1940, No. 4. 

(4) Kellogg, C. E., and Davol, F. D. 1949 An exploratory study of soil groups in the 

Belgian Congo. Inst. Nat. Etude Agron. Congo Beige Ser. Sci. Bui. 46. 

(5) McLendon, W. E., and Lyman, W. S. 1906 Soil survey of Grainger County, Ten- 

nessee. Field Oper. Bur. Soils Rpt. 8: 661-686. 

(6) Simonson, R. W. 1950 Use of aerial photographs in soil surveys. Phoiogrammetric 

Engin. 16 : 308-315. 

(7) Simonson, R. W. 1952 Lessons from the first half-century of soil survey : I. Mapping 

of Soils. Soil Sci. 74: 249-257. 

(8) Soil Survey Staff 1951 Soil survey manual. U. S. Dept. Agr. Handb. 18. 

(9) U. S. Department of Agriculture Bureau of Soils 1903 Instructions to field parties 

and descriptions of soil types, pp. 17-18. Washington, D. C. 

(10) U. S. Department of Agriculture Bureau of Soils 1914 Instructions to field parties. 

Washington, D. C. 

(11) U. S. Department of Agriculture 1899 Field operations of Division of Soils. U. S. 

Dept. Agr. Rpt. 64. 

(12) Wells, G. M., et al. 1946 Soil survey of Humphreys County, Tennessee. U. S. 

Dept. Agr. Ser. 1936, No. 26. 


r.'i 


J 




fi 1 


i >11 


vll 


BOOKS 

Air Pollution. Louis C. McGabe, Chairman. McGraw-Hill Book Company, 
Inc., New York, 1952. Pp. 847. Price $12.50. 

This book contains the proceedings of the United States Technical Conference 
on Air Pollution, sponsored by the Interdepartmental Committee on Air Pol- 
lution. It is made up of 97 papers by specialists in agriculture, analytical methods, 
equipment, health, instrumentation, legislation, and meterology, as related to 
this problem. The general sessions that followed the presentation of these papers 
were held May 3-5, at the Wardman Park Hotel, Washington, D. C. Much of 
the discussion had to do with effects of fluorine on soils, plants, and animals. 
Sulfur compounds, weed-killing chemicals, smokes, dusts, and fogs were reported 
on in relation to the health and well-being of plants and animals, including man. 
By the very nature of the problem, a wide variety of technical skill and knowl- 
edge was brought to bear on the subject. The book is a very important and highly 
useful compendium of information on air pollution. It will be of great interest 
to many persons. 

American Potato Yearbook. Edited by John C. Campbell. C. S, Macfarland, Jr., 
Westfield, N. J., 1952. Pp. 80. Price, paper-bound, $2. 

The purpose of this publication is to record the associations engaged in the 
improvement of the potato industry, potato periodicals, acreages, yields, selling 
prices, seedstocks, certification, scab control, and storage requirements. One of 
the most interesting features is the long list of research projects on Irish potatoes 
and the names and addresses of those who are in charge of the work being done. 
This is a very useful reference book. 

Annual Review of Plant Physiology. Volume 3. Edited by Daniel I. Arnon and 
Leonard Machlis. Annual Reviews, Inc., Stanford, Calif., 1952. Pp. 369. 
Price $6 plus shipping charges. 

The 15 papers in this volume deal with micronutrient metals, glycolytic en- 
zymes, phosphorylated compounds, auxins, growth regulators, transport of 
organic compounds, leaf proteins, low temperature preservation, virus diseases, 
ion absorption, assessing nutritional requirements, photos 3 nathesis, physiology 
of flowering, carboxylating enz 3 rmes, and tree physiology. Each paper is well 
documented, references being given to the work of some 1,500 research workers. 
On the whole, the material is well presented. This series of reviews should be at 
hand for ready reference by all those who are concerned with soil-plant research. 

Biochemical Preparations. Yohim^ 2. Edited by Eric G. Ball. John Wiley and 
Sons, Inc., New York, 1952. Pp. 109. Price $3. 

The editor-in-chief of this volume was Robert C. Sealock, who assembled the 
methods and checked most of them in his laboratory previous to his death in 
August, 1951. The preparations include cytochrome, globulin, oxycasein, phos- 
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vitin, lactate dehydrogenase, sodium pyruvate, phosphoryl-enolpyruvic acid, 
glycerophosphoric acid, glucose phosphate, 014 labeled sucrose, fructose di- 
phosphate, inosose, inositol monophosphate, glutamic acid monohydrate, aspartic 
acid, benzyl cysteinylglycine, methyl carbobenzoxyglutamate, glutathione, di- 
phosphopyridine nucleotide, phosphorylcholine, oleic acid, and methyl ricinole- 
ate. This is a very valuable book for those who are concerned with the preparation 
of these and related compounds. 

The Biotic World and Man. By Lorus J. Milne and Margery J. Milne. 

Prentice-Hall, Inc., New York, 1952. Pp. 588. Price $9. 

^^An education is what remains as an individuaPs point of view and mode of 
thinking after most of the details learned in school have been forgotten. Many 
of the facts may seem useless in prospect and in immediate retrospect. So are the 
weary steps by which a person climbs a mountain. But without the steps there 
is no view.’^ The authors have provided the steps by which the mountain can 
be climbed but they have also made it so interesting and attractive along the 
way that the weariness has been eliminated. The approach to the subject is well 
illustrated by a diagram that shows the steps of observation, hypothesis, pre- 
diction, and planned experiments that lead to continually higher levels of factual 
information. The development of the subject gets under way when spontaneous 
generation is considered. The authors then proceed by many excellent illustra- 
tions and by highly lucid discussions to deal with variety, forms, development, 
abundance, haunts, history, and value of life and with a final look toward the 
future. This is a truly remarkable book, which is destined for wide distribution 
and a very high degree of usefulness in understanding man and the life that 
surrounds him. 

The Conservation Yearbook. Edited by Erle Kauffman. Monumental Printing 

Company, Baltimore, 1952. Pp. 288. Price, paper-bound, $5. 

The editor of this yearbook has assembled ^ ‘a directory and guide to facts, 
figures, and people in American conservation.’’ The general headings include 
conservation legislation, organizations, the conservation estate, facts and figures, 
and pubhcations. Almost any type of information one may require on conser- 
vation and closely related subjects can be found in this publication, the assem- 
bling of the material for which must have required a great deal of careful work on 
the part of the editor and those associated with him in this enterprise, A highly 
useful index is appended. 

De Bodemkartering van Nederland, Deel X. J. Schelling, Wageningen, Nether- 
lands, 1951. Pp. 139, maps 10, profiles 4. 

The summary of the soil survey of northern Limburg, with which this report 
deals, is repeated in English. One of the most significant statements in the sum- 
mary is: ^‘As the need for mineral plant food can be met by applying fertilizers, 
the water supply is in many cases the decisive factor. The distinctions on the 
map are strongly related to the water supply on the different soil types.” 
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Hydroponics, the Bengal System, By J. Shomo Douglas. Oxford University 

Press, London, 1951. Pp. 147, plates 16. Price $2. 

The author of this little book is working in West Bengal, where he has applied 
the techniques of hydroponics and offers some suggestions with regard to their 
improvement in practice. The several chapters deal with plant growth, apparatus, 
nutrient mixtures, practical applications, general techniques, commercial pos- 
sibilities, deficiencies, miscellaneous matters, and an estimate of the future 
possibilities. The appendix contains notes on other systems, a list of institutions 
engaged in research with soilless culture, and a bibliography of some 70 refer- 
ences. The author concludes: 

Given proper support, the writer feels that we may all confidently look forward to that 
not far distant day when there will be a hydroponicum in every home, banishing want, 
bringing economic independence and ensuring that the children of the future may grow 
up amid healthy surroundings with clean, fresh food to eat. Only then can weakness be 
overcome, and Indians grasp firmly that Freedom which has so recently been won. 


The Nature and Properties of Soils. Fifth Edition. By T. Lyttleton Lyon, 
Haery O. Buckman, and Nyle C. Brady. The Macmillan Company, New 
York, 1952. Pp. 591. Price $5.75. 

A new name, Nyle C. Brady, has been added to the authors of this latest 
edition of what has long been recognized as probably the most complete text 
book in its field. All but five of the original 19 chapters have been revised or 
completely rewritten, and an additional chapter has been added. The presenta- 
tion has been greatly improved by addition of much new material, including 
many excellent illustrations. Many references are given to show the origin of 
data and concepts. A simpler style of writing makes for much easier reading and 
better understanding by the student. The book is entitled to continued wide use 
in introductory courses in soils the country over. 

Oxidation Potentials. Second Edition. By Wendell M. Latimer. Prentice-Hall, 
Inc., New York, 1952. Pp. 392. Price $10. 

This volume extends the thermodynamic data of the first edition. Heats of 
formation, free energies, and entropies are tabulated for all the more important 
inorganic compounds. The first two chapters have to do with units, conventions, 
and methods for determining oxidation-reduction potentials and with ionization 
potentials, electron afiSnities, and lattice energies in relation thereto. The re- 
maining 21 chapters are concerned with the oxidation states of hydrogen and of 
the several groups of elements, arranged in accordance with their properties. 
References are shown for all values employed. The appendix gives a summary of 
oxidation-reduction potentials, activities of strong electrolytes, estimation of 
entropy values, and 40 study questions. The material assembled in this volume 
should be of great interest and value to physical chemists and plant physiologists 
who are concerned with soil-plant problems. 
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Phosphoric Acid, Phosphates, and Phosphatic Fertilizers, Second Edition. By 

William H. Waggaman. Reinhold Publishing Corporation, New York, 1952. 

Pp. 683. Price $15. 

The author is senior mineral technologist, Bureau of Mines, TJ. S. Department 
of Interior. The book is one of the American Chemical Society monograph series- 
The first edition was published in 1927, but developments in this field have 
been so rapid that virtual rewriting of the book was necessary. It is designed 
primarily for those who are engaged in the manufacture of soluble phosphates, 
but it should be of great interest and value to all those who are concerned in 
any manner with the fertilizer industry. The 29 chapters begin with a discussion 
of phosphorus in plant and animal life. This is followed by detailed consideration 
of the forms and sources of the element, the methods of manufacture of soluble 
forms, and the use of phosphates as fertilizers, leavening agents, cleansers, puri~ 
fying agents, flame resisters, and a variety of other purposes. The appendix 
contains sets of very useful conversion factors, oflScial methods of analysis, and 
numbers for some 3,000 patents, with patentees. The author has had the assist- 
ance of a number of men who have written chapters on their special fields. This 
is the most important book in its field. 

Quantitative Chemical Anlaysis. By Chaeles W. Foulk, Haevey V. Moyee, 

AND William M. MacNevin. McGraw-Hill Book Company, New York, 1952. 

The senior author of this book, now a professor emeritus, has long been recog- 
nized as an outstanding analytical chemist. His two colleagues have added the 
modern touch that was required to bring the original ^Introductory Notes on 
Quantitative Analysis” up to date. The method of presentation is that of first 
outlining the theories involved in analytical procedures and then providing 33 
exercises to which the procedures can be applied. The appendk lists equipment, 
special chemicals, standard substances, and materials for lecture demonstrations, 
ionization constants of weak acids and bases, solubility products of precipitates, 
densities of air and water, specific gravities of liquids, derivation of the Nernst 
equation, and signs of electrode potentials. The book is well illustrated with 
drawings, and the material is presented in readily understandable form. This 
is a first-class presentation of the subject. 

Resources for Freedom, The President’s Materials Policy Commission. U. S. 

Printing Office, Washington, D. C., 1952. Pp. 819. Paper-bound. 

The five volumes that make up this report have to do with foundations for 
growth and security, outlook for key commodities, outlook for energy resources, 
promise of technology, and selected reports. The last report is concerned with 
mining laws, incentives for mineral industries, taxation of Canadian mineral 
industries, domestic and foreign forest resources, future demands on land pro- 
ductivity, fertilizer resources, water resources, Venezuelan petroleum, U. S. 
investments abroad, loans, government contracts, and stockpiling materials for 
security. A great deal of highly useful information is summarized in this report. 
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The movement of water in sealed soil columns in the direction of high to low 
temperatures was first demonstrated by Bouyoucos (4) and confirmed in greater 
detail by Smith (15, 16), Maclean and Gwatkin (9), and Croney and Coleman 
(5). In all cases it was found that there was, for each soil, an optimum initial 
water content for maximum transfer of water, with little movement taking place 
in very wet or dry soils. The gradient of soil water content induced by the tem- 
perature gradient reached a steady value within a few days (9). The magnitude 
of the soil water gradient was found to be dependent on initial water content, 
bulk density, temperature gradient, and mean temperature. 

Various hypotheses have been advanced for the mechanism of this transfer. 
Bouyoucos found that when the soil column was divided into two parts by an 
air space, across which the temperature gradient was applied, much smaller 
quantities of water were transferred than in a continuous column. He concluded 
that the flow must take place largely in the liquid phase, and gave a qualitative 
explanation of the flow’' being caused by change of water affinity of soil with 
temperature. Smith (15) has criticized Bouyoucos’ findings on the basis that the 
temperature gradient in the latter’s experiments affected only a small part of 
the soil column, which could account for the small water movement observed. 
On the grounds that the effect of temperature on the surface tension of water is 
not great enough to cause the observed water transfer, Smith suggested that 
transfer took place by means of vapor convection. This mechanism was also 
proposed by Maclean and G\vatkin (9), who assumed that equilibrium conditions 
were reached when the water content gradient became such as to give uniform 
vapor pressure throughout the soil. They gave no vapor pressure data to support 
this statement. 

Smith (16), in a later paper, abandoned his theory of vapor movement, and 
proposed a mechanism of liquid flow, from the hot to the cold ends, initiated by 
small amounts of vapor condensation in capillary pores. Subsequentl3^ Winter- 
korn (17) developed a theory of film flow of liquid water from the hot to the cold 
ends, along the internal surface of the porous soil system, due to change in w^ater 
affinity with change in temperature. He considered this to be a more important 
mechanism than vapor movement. He also observed an electric potential differ- 

r The work described in this paper was carried out as part of the research program of 
the Division of Soils, C.S.LR.O., Australia, at the Waite Institute, Adelaide, South Aus- 
tralia. 
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eiiee in the soil due to the temperature gradient and suggested that the thermal 
water movement may be a special case of electro-osmosis. 

The present paper reports an attempt to assess the contribution of liquid and 
vapor flow to the temperature effect by measuring changes in the distribution 
of a small amount of soluble salt in the soil. It is assumed that movements of 
soluble salts are due to transport in the liquid phase only. 

METHODS 

A ‘■‘Perspex’’ cylinder, 10 cm. long and 14 cm. in internal diameter, was used 
to hold the soil. On one end was bolted a heavy brass plate to which was at- 
tached a flat circular electric heater. On the other end was bolted another brass 
plate forming one face of a cylindrical water chamber through w’-hich cold water 
could be pumped. The temperature of these faces was measured by thermistors 


TABLE 1 

Temperatures in soil columns at conclusion of runs 


SOIL COLUMN 

INITIAL 

WATER 

CONTENT 

BULK 

DENSITY 

TEMPERATURE AT DISTANCES FROM COLD RACE 

0 cm. 

2 cm. 

4 cm. 

6 cm. 

8 cm. 

10 cm. 

1 

per cent 

gtn.lml. 

“C. 

“C. 

"C. 

^C. 

“C. 

X. 

Loam soil A 

1.7 

1.59 

9.5 

___ 

15.8 


22.2 

26.0 

B 

4.3 

1.46 

9.4 : 


14.0 



26.0 

C 

5.3 

1.40 

9.5 


14.5 

— - , 

21.6 

26.3 

D 

7.9 

— 

9.3 

— 

— 

17.9 

21.1 

26.3 

E 

9.6 

— ■■ 

9.4 

12.5 

16.2 

: 

21.7 

26.0 

F 

12.8 

— 

9.5 

12.5 

16.4 

18.7 

21.9 

25.1 

G 

14.3 

' — ■ 

9.5 

13.1 

16.4 I 

18.5 

21.6 

24.8 

H 

16.0 

— 

9.6 

12.5 

15.5 

17.6 

20.7 1 

24.3 

J 

19.8 

— 

9.7 

12.5 

_ 

17.1 

20.8 

25.1 

K 

24.5 


10.0 


15.8 


21.3 

24.6 

In figure 3 

11,3 


9.7 

13.9 

17.1 

20.1 

23.1 

27.4 

Washed fine sand A 

5.8 

1.43 

9.9 

— 

— 

— 

— 

25.0 

B 

7.9 

1.45 

9.9 

— 

; ; — 

i 

1 

25.0 


soldered to each face. Holes were drilled in the side of the *Terspex” cylinder to 
allow the insertion of four thermistors at intervals of 2 cm. to measure the 
temperature gradient along the soil column. 

In each experiment, the cold face was first bolted to the cylinder, the Joint 
being sealed by a rubber gasket and rubber cement. The soil, which had been 
previously wetted as uniformly as possible and allowed to stand in a sealed can 
for at least a week, was firmly compacted in several layers into the cylinder, 
five samples being taken at the same time for determining the initial water and 
salt content. When the whole cylinder had been filled, the hot plate was attached 
and sealed in the same manner as the cold. Bulk density was determined at this 
stage on some of the columns (table 1). The thermistors were then inserted into 
the soil column, and the apparatus was placed horizontally in a constant tem- 
perature cabinet at 20°C. The thermistor leads were connected through a mul- 
tiple switch to a resistance bridge, and the cold water pump and electric heater 
were then set going to establish a temperature of approximately 10°C. at the 
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cold face and 2o°C. at the hot face. At the end of a ran, the final temperature 
distribution was determined. The results, as given in table 1, show that the 
temperature gradient approximated per centimeter. 

After the apparatus was dismantled, the soil column was sampled in layers 
normal to the length of the column, each layer providing triplicate samples of 
approximately 35 gm. The distances of the midpoints of these layers from the 
cold face are recorded in figures 2, 3, and 4. The columns were divided into more 
layers in the later than in the earlier runs. Water contents of the triplicate sam- 
ples were determined by oven-drying at 105°C., results being expressed as a per- 
centage of weight of oven-dr}^ soil. The same samples were then transferred 
to 75 ml. of distilled water and shaken for 1 hour. An index of the content of 
total soluble salts was obtained by measuring the electrical conductivity of this 
suspension, and the chloride content was determined by the electrometric titra- 
tion of Best (2). The data used for construction of figures 2, 3, and 4 are the 
means of the triplicate determinations. Results of the electrical conductivit.y 
measurements which at low concentrations are influenced by factors other than 
soluble salts have not been given. They did, however, show the same trend as 
the more absolute determinations of chloride ions. Since chloride content was 
not determined for the earliest runs (fig. 2E and F and fig. 3), it was obtained 
indirectly from the electrical conductivity in these three cases by interpolation 
from a curve drawn through all the present experimental data relating these 
two quantities. Thus the chloride values in figure 2E and F and in figure 3 are 
not so accurate as those obtained directly by titration. 

For some reason probably associated with the technique of raising the water 
content of the soil from air-dry condition to that of the columns, the chloride 
content of the initial samples of the loam soil was not uniform, the individual 
determinations obtained by titration having a standard deviation of 0.0062 
me. per 100 gm. soil, whereas the mean value for each column ranged from 0.13 
to 0.15 me. per 100 gm. soil. The standard deviation of individual determinations 
of the final chloride content of this soil was 0.0048 me. per 100 gm. soil, and to 
be significant at 5 per cent level the difference between mean values for chloride 
content must be at least 0.01 me. per 100 gm. soil. 

The two soils used in these tests were sample 7800 of the A horizon of llrrbrae 
loam, and a fine sand which was obtained from sample 6349 of the A horizon 
of Holder fine sand after acid treatment, decantation to remove particles less 
than 0.02 mm., and washing to remove soluble salts. Some physical properties 
of these two soils are listed in table 2. Sodium chloride was subsequently added 
to the washed fine sand ; the loam soil was used without addition of salt. 

A guide to the degree of wetting represented by the water contents reported 
is given in figure 1, where the pF of the soil water at 20 °C. is given as a function 
of water content for the two soils. The term pF is defined by Schofield (14) as 
the logarithm of the free energy difference between soil water and a free pure 
water surface at the same temperature, where the free energy is expressed as the 
height in centimeters of a water column above the free water surface needed to 
give the same free energy difference. The pF values of figure 1 derived from 
vapor pressure and freezing point depression measurements include the osmotic 
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component of the free energy difference, which does not, however, appear in 
the pressure membrane and tensiometer measurements. The discussion of the 
experimental results is concerned primarily with the range of water contents 
covered the pressure membrane apparatus of Richards (13), and it is appro- 

TABLE 2 


Some 'properties of Urrbrae loam and washed Holder fine sand 



LOAM SOIL 

WASHED PINE S.4.ND 


2-0.2 mm % 

1.9 

20.0 

Particle size distribution^ 

0.2-0.02 mm. . . .% 

50.2 

80.0 


0.02-0.002 mm. .% 

31.3 

0.0 


^<0.002 mm % 

16.6 

0.0 

Total soluble salts 

% 

' 0.077 


Chloride content per 100 gm. soil me. | 

0.14 


Moisture equivalent. . . . . 

% 

20.0 

2.5 

Permanent wilting percentage | 

6.3 

— 

Plastic limit 

% 

15.8 

— 



Fig. 1 . Relation op pF, Pbbssubb Potential, and Water Content at 20°C. for IJrrbbae 
Loam Samples and a Washed Fine Sand 

priate to discuss the data in terms of the hydrostatic pressure of the soil water. 
According!}^, the equivalent values of pressure potential are also shown in figure 
1, although limitations to the use of the term in the drier range are recognized. 
The pressure potential (3) represents the work done against the hydrostatic 
pressure forces in moving unit mass of water from a free water surface to the 
point in question, and is negative in unsaturated soils. 


WATER ^ CONTENT, par cant 
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The data from the pressure membrane apparatus marked “a” in figure 1 
are for sample 7800 as used in the present work (1). The remaining data for the 
loam soil were obtained from a similar but not identical sample of TJrrbrae loam. 
Data from the pressure membrane apparatus marked in figure 1 are for 
selected small aggregates (12). All pressure membrane, freezing point (8), and 
tensiometer (10) data are for soil drying out, but the vapor pressure data (12) 
are for soil becoming wet. Since both whetting and drying conditions are repre- 
sented in the experimental data, use of figure 1 in relation to these data is limiteP 
by possible hysteresis in the free-energy-water-content relation. 


RESULTS 

The distribution of chlorides and water, 5 days after application of the tempera- 
ture gradient to an initially uniform loam soil, is shown in figure 2. Ten columns 



0 Z 4 6 e«}0 Z 4 6 8 10 0 2 4 S 8 10 02 4 6 610 02 4 8 8 10 


DISTANCE FROM COLD FACE, cm. 

^ Fig. 2. Distribution op Water and Chlorides in Columns op Loam Soil, op Varying 

Initial Water Contents, Subjected to a Temperature Gradient for 5 Days 

A to K with initial water contents ranging from 1.7 per cent to 24.5 per cent 
are represented. In all except the wettest and driest cases, there has been a 
transfer of water toward the colder end of the columns and of chlorides toward 
the hotter end. This indicates that vapor transfer has occurred in the direction 
of decreasing temperature and that liquid (carrying salts in solution) has been 
transferred in the direction of increasing temperature. The transfer of chlorides 
is especially marked in figure 3, in which data are given from a longer run of 18 
days with the loam soil. 

The maximum transfer of water from the hot to the cold end in the 5-day 
period is found in columns C and D, which had initial water contents of 5,3 
per cent and 7.9 per cent respectively. These two water contents have a mean 
value which is equal to one third of the moisture equivalent of this soil and they 
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correspond to pressure potentials of —3.0 X 10^ and —0.8 X 10^ ergs/gm. and 
to pF values of 4.5 and 3.9. In these two columns the w^ater content has been 
reduced to about 2 per cent at the hot end and increased to more than 10 per 
cent at the cold end. When the columns were wetter or drier than these two, the 
amount of water transferred was less. This effect of initial water content on final 
distribution of water is in accord with that found by other workers (4, 5, 9, 15, 
16). It appears, however, from the present interpretation that the figures rep- 
resent a net rather than an absolute transfer of water, resulting from liquid and 
vapor movement in opposing directions. The changing shape of the water con- 
tent curve in the successively wetter columns is then associated with increasing 
permeability of the system for liquid water and decreasing permeability for 
vapor. 

It can be seen by reference to figure 1 that, except for minor anomalies in 
figures 2J and 2K, resulting probably from difficulty in packing very wet soil, 



DISTANCE FROM COLD FACE, cm. 


Fig. 3, Distribution of Water and Chlorides in a Column op Loam Soil, of 11.3 
Per Cent Initial Water Content, Subjected to a Temperature Gradient for 18 
Days. 

there is a general gradient in the pressure potential of the liquid which favors 
movement from the cold toward the hot end. The gradient is numerically high 
in columns A, B, C, D, and E. Although it has low^er values in columns F, G, 
and H, nevertheless, even in these cases there is a favorable gradient of 3,000 
ergs/gm./cm, after allowance has been made for the effect of temperature on 
surface tension. This value is only approximate because of the limitations to 
the use of the curve of figure 1 already discussed. 

The observed gradients in pressure potential can account for the flow of liquid 
water from the cold tovrard the hot end. A temperature gradient in a soil of uni- 
form water and salt content gives rise, howwer, to a gradient of osmotic potential, 
which, if the soil could behave in effect as a semipermeable membrane, could 
also cause a flow of water in the direction cold to hot. The fact that the salts 
become more concentrated in time at the hot end also sets up an osmotic potential 
gradient favoring liquid movement to the hot end. To examine this, an osmotic 
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potential gradient was established favoring liquid flow in the direction hot to 
cold, that is, the reverse of that observed in the loam soil. Two columns (fig. 4A 
and B) of the washed fine sand pre\dousiy described were used. A thin layer of 
sand, 2-3 mm. thick, of the same initial water content as the remainder of the 
sand but containing 7.2 me. NaCl per 100 gm. was placed immediately adjacent 
to the cold face. The chloride content of the remainder of the column was <0.01 
me./lOO gm. in column A and 0.03 in column B. The results given in figure 4 
show that movements of the same type as for the loam soil took place, resulting 
in a net transfer of water to the cold end, and of salts toward the hot end. 
This shows that liquid moved toward the hot end irrespective of the direction 
of the osmotic potential gradient. 

Variable salt concentrations will of course affect the vapor pressure and hence 
the movement of vapor, but these effects are of only a minor order in the present 
experiments in comparison with the effect of temperature on vapor pressure. 



DISTANCE FROM COLD FACE, cm. 


Fig. 4. Distribution of Water and Chlorides in Two Columns of Washed Fine 
Sand (to Which NaCl Was Initially Added at the Cold End) After Being Sub- 
jected to a Temperature Gradient for 10 Days. 


There is evidence from the movement of chlorides in the loam soil that water 
movement in the liquid phase has occurred under surprisingly dry conditions. 
For example, in column D, chlorides moved toward the hot end of the column 
in soil which at no stage contained more than 7.9 per cent of water. Similarly 
in column C, movement occurred away from the cold end in soil which, near the 
point of peak concentration of chloride, can barely have reached that water 
content. The corresponding pressure potential for this soil is approximately 
—0.8 X 10^ ergs/gm., which is equivalent to a pF of 3.9. It is of considerable 
interest that appreciable movement of water as a liquid occurred in soil as dry 
as this. The use of soluble salts or other tracers in this way appears to offer some 
promise as a tool for distinguishing between liquid and vapor flow in soils. 


DISCUSSION 

On the assumption that the observed movements of soluble salts are due to 
transport by water in the liquid phase, it would appear that liquid flow is in the 
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direction of cold to hot. The net movement of water in the opposite direction 
must then be attributed to a vapor flow in the direction of hot to cold and of 
greater magnitude at first than the liquid flow. The mechanism of water move- 
ment, therefore, is one in which the temperature gradient induces a flow of water 
vapor, which, on condensing in the cooler parts of the soil, increases the pressure 
in the soil water and causes liquid flow in the direction opposite to that of vapor 
flow. Liquid flow will proceed as far in that direction as permitted by the existence 
of conducting films. 

In the discussion of this mechanism, it will be assumed that the rates of flow 
of liquid and vapor in the horizontal columns are proportional to the pressure 
gradients in the liquid and vapor respectively. The effect of temperature on these 
gradients may then be considered. 

In an unsaturated soil, water is at a hydrostatic pressure P which is negative 
with respect to that at a free flat water surface and is given (7) by 



where S = surface tension of water and r — radius of curvature of the liquid 
surface in the soil pores. 

Since S decreases with increasing temperature, and r is assumed to have a 
constant negative value, P will increase with increasing temperature. Conse- 
quently if a temperature gradient is established in a uniform soil of uniform 
water content, a pressure gradient will result, tending to move liquid water in 
the direction of decreasing temperature. 

There will be a similar tendency for water vapor to flow in the same direction, 
since it may be assumed that the vapor pressure of the soil water, p, will increase 
with temperature as in the case of the vapor pressure of free water, po- (For 
soils no drier than the permanent wilting percentage, it is probably true that at 

any given temperature 1 > — > 0.98 over the range of temperature under 

Po 

consideration.) 

Although water will at first move in the direction of decreasing temperature 
in both the liquid and vapor phases, it can be shown that this condition of flow 
may be temporary only. At the end of what may be termed a first stage in ad- 
justment of w^ater to a temperature gradient, sufficient movement will have taken 
place to remove the gradient in P in the liquid phase. If it is assumed that there 
is no effect from soluble salts, the relation of p to T at this stage may be con- 
sidered (7) through the equation: 

P = pBT log ^ (B) 

Po 

p 

or log p = log Po + (S) 

wffiere r = absolute temperature, i? = gas constant per gram of wrater, and 
p = density of water. 
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Anv increase in T vdll caiLse an increase in and, with P constant and neg- 

P 

ligibie changes in p disregarded, will become a smaller negative quantity. 

lienee, according to equation (3), p will increase with temperature and there 
will be a tendency for vapor to flow even when the water in the system is so ad- 
justed that there is no longer a tendency for liquid to do so. 

Suppose the movement of vapor in the direction of decreasing temperature 
to be continued further until, as a result of evaporation and condensation, a 
condition of vapor pressure equilibrium is reached. The relation of P to T 
under such circumstances can be examined by means of equation (^) in which 


p is now taken as constant. Since po increases with T and log — is negative, it 

follows that P will decrease with increasing values of T. Hence, liquid water will 
tend to flow in the direction of increasing temperature — a direction which is 
the reverse of that during the first stage of adjustment. 

Gains or losses of water affect the vapor pressure of soil water only slightly in 
a moist soil at constant temperature. Consequently, in a soil that is sufficiently 
moist to provide a connected conducting path for liquid water, this reversal in 
the direction of liquid flow will probably begin before the vapor pressure gradient 
and the rate of flow of vapor have decreased appreciably, thus preventing a 
condition of vapor pressure equilibrium. A circulating system will., therefore 
operate in which vapor moves in the direction of decreasing temperature and 
liquid moves in the opposite direction as far as permitted by the presence of 
conducting water films. Within the closed system, flow in each direction will 
finally become equal and will be governed by the pressure gradients and the 
permeability for the liquid and vapor phases respectively. Where soluble salts 
are present, final equilibrium will also be affected by their distribution in the 
soil. For normal values of salt concentration, however, this effect appears to be 
small in comparison with the above effects. 

To account for the observed movements of water, a rate of flow of vapor in 
excess of that calculated by Penman’s diffusion equation (11) is required. From 
the observed net transfer of water in column C of figure 2, for example, it may 
be calculated that a vapor flow of 0.18 gm./sq. cm. took place in 5 days across 
the plane at which the initial water content remained unchanged. This value 
is an underestimate of the vapor flow because of reverse liquid floAv, which, 
however, is small in this case. On the other hand, the vapor flow calculated by 
Penman’s equation is only 0.05 gm./sq. cm. for the same period. This discrepancy 
warrants further investigation. 

The effects of commonly occurring temperature gradients upon water move- 
ment in soils in the field are known to be appreciable (6), and it has been sug- 
gested that they may be of importance in certain engineering problems (5, 17). 
Certainly there is evidence in figure 2 of considerable movement of water, 
especially in the middle range of water contents. It should be stressed, however, 
that the present work was done in a closed system from which water loss was 
prevented and in which the temperature gradient was unaffected by the transfer 
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of latent heat. These limitations apply also to the remarkable salt movements 
noted in the present work. 

SUMMARY 

The effect of a temperature gradient on the movement and distribution of 
water in soil has been examined in closed columns of soil for a wide range of initial 
water contents. Small amounts of soluble salts acting as a tracer served to dis- 
tinguish between liquid and vapor movement. 

In all except the wettest and driest columns of soil, there was a transfer of 
water toward the colder end of the column and of salts toward the hotter end. 

This result is considered to be due to a net transfer of water from hot to cold, 
in which water evaporating from the hotter soil moves as a vapor into colder 
soil, where it condenses and returns as a liquid w^hen a favorable gradient of 
pressure potential has been established. It is shown from theoretical considera- 
tions that, when the soil is sufficiently wet to permit liquid flow, a state of equilib- 
rium cannot be reached, and continuous circulation of the soil water takes place. 

The maximum net transfer of water from the hot to the cold end occurred in 
columns the initial water contents of which were approximately one third of 
the moisture equivalent. 

Movement of water in the liquid phase is shown to have occurred at a low 
water content, which corresponded to a pressure potential of —0.8 X 10^ ergs/gm. 
(pF3.9). 
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Minarik (4) has observed that the persistence of pre-emergence herbicides is 
controlled primarily by leaching and secondly by microbial decomposition. The 
disappearance of 2,4-dichlorophenoxyacetic acid from the soil has been attrib- 
uted by Audus (1) to a rather specific group of bacteria. The action on many 
other herbicides does not seem to be quite so specific (4). 

A possible bacteriostatic action on certain of the soil bacteria by herbicides 
has also been noted. Smith, Dawson, and Wenzel (7) reported that 100 ppm. of 

2.4- D inhibited the nitrifying bacteria but recovery occurred in 10 to 40 days. 
When 500 ppm. was used, the bacteria had not recovered after a 90-day period. 
Fults and Payne (3) have shown that 2,4-D in amounts as low as 0.009 pound 
per acre depressed nodulation of the common bean. Carlyle and Thorpe (2) 
noted that other species of Rhizobium may also be affected. 

This paper reports the effect of herbicides on respiration rates and plate 
counts of soil microorganisms as determined in initial investigations of field 
plots that had previous herbicidal treatment.- 

EXPERIMENTAL STUDIES 

The method of Quastel and Scholefield (6) for measuring the respiration rates 
of the nitrifiers in an enriched soil with the Warburg apparatus was adapted 
to measure respiration rates of the heterotrophic microorganisms. 

Soil samples from the 0-1 -inch horizon were obtained from field plots treated 
with the following herbicides: dinitro-o-secondary butyl phenol (Dow General, 
3 Ibs./acre) ; 3(para-chlorophenyl) 1 , 1 -dimethyl urea (DuPont CMU, 2 Ibs./acre). 
ortho-chlorophenol-sulfonyl fluoride (Penn Salt NP-128, 20 Ibs./acre); sodium 

2.4- dichlorophenoxyethyl sulfate (Exper. Herb. I, 2 Ibs./acre); and isopropyl-N- 
phenyl carbamate (IPC, 20 Ibs./acre). The soil samples were obtained approxi- 
mately 1 and 3 months after the field applications. The soil is classified as Grose- 
close silt loam. 

The standard procedure usually followed in Warburg methods was employed. 
In each flask was placed 134 gm. of soil to which was added 2 ml. of an aqueous 

^ This study was made possible by the support of the Virginia Polytechnic Institute 
Educational Foundation, Incorporated. 

^ Since the preparation of this report the authors have read with interest the article 
by D. E. Kratochvil published in volume 1, pages 25-31, of the new journal Weeds, October, 
1951. The authors agree that the principle affords a reliable means of measuring the effect 
of a herbicide. The present paper is offered as a more convenient procedure of employing 
the manometric principle for measuring the effect of herbicides on the heterotrophic soil 
microflora. 
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solution of glucose and K2HPO4. Control manometers were set up with, the soil 
suspended in 2 ml. of water. Filter papers plus KOH were placed in the center 
wails, and the manometers were arranged for shaking. The experiment was 
carried out at 37°C., and the manometers were read at the end of 2 }^^ hours. 
Preliminary experiments showed that hours was sufficient time for the 
respiration rate to reach a maximum. 

The results of the oxygen uptake of the soils collected at 1- and 3-month pe- 
riods after the herbicide had been applied to the field plots are shown in table 1. 
Comparison of the difference in microliters of oxygen uptake with and without 

TABLE 1 

Typical oxygen uptake from soils after 1 month and 3 months of herbicidal treatment 


O2 UPTAKE* 


TREATMENT OF SOIL 

SUBSTANCE ADDED 
TO GM. son, IN 

WARBURG FLASK 

Quantity 

Difference due to 
glucose additions 

1 month 

1 3 months 

1 month 

3 months 



fMl. 

1 Pil. , 

fiL 

Mt. 

No herbicide 

Water t 

30.3 

34.0 

43.5 

22.9 


Glucosef 

73.8 

56.9 



Sodium 2 , 4-dichlorophenoxyethyl 

Water 

34.2 

25.6 

45.8 

21.4 

sulfate (Exper. Herb. I) 

Glucose 

80.0 

47.0 



3 (para-chiorophenyl) -1 , 1 -di- 

Water 

29.2 

22.5 

39.4 

20.2 

methyl urea (CMU) 

Glucose 

68.6 

42.7 



Isopropyl -N-phenyi carbamate 

Water 

29.0 

24.9 

! 

51.4 

22.0 

(IPC) 

Glucose 

80.4 

46.9 



Ortho-chlorophenol-suifonjd fluo- 

Water 

31.8 

26.8 

34.1 

11.2 

ride (NP-128) 

Glucose 

65.9 

38.0 



Dinitro-o-secondary butyl phenol 

Water 

35.5 

22.7 

35.5 

13.0 

(Dow General) 

Glucose 

71.0 

35.7 




* Maximum difference for duplicate analysis was approximately 5 microliters, 
t 2 ml. water. 

i 1 ml. 0.01 M glucose and 1 mi. 0.02 M K 2 HPO 4 . 


the addition of glucose indicates that the field applications of Dow General, 
DuPont CMU, and Penn Salt NP-128 may be inhibiting the respiration activity 
of the soil microflora after 1 month. Similarly, the Dow General and Penn Salt 
NP-128 may still have an inhibitory effect after the 3-month period. The Exper. 
Herb. I and IPC apparently did not reduce the respiration rates of the organisms 
at either sampling date. The differences in duplicate measurements of the 
respiration rates varied as much as 5 microliters of oxygen uptake. Dry weather 
may have been the cause of low respiration rates of the bacteria in all treatments 
at the second sampling date. 
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The usual method for determining the effect of a chemical treatment on the 
soil microflora is by plate counts. For a comparison of the results obtained by 
measuring respiration rates, the plating technique for counting the microflora 
was used. The soil samples were plated out on a soil extract agar containing 
glucose and K2HPO4. The results are shown graphically in figure 1. The mean of 
eight plates plus or minus 3 times the probable error of the mean is shown. The 
use of 3 X P.E.m gives odds of 22 to 1 that the true mean will be within this 
range. 

The results of the plate counts show that the order of inhibition is almost 
identical with the inhibition of respiration rates except for IPC after the 1-month 



TREATMENT OF SOIL 

Fig. 1 . Enumeration of Bacteria 1 Month and 3 Months After Herbicide Treatment 

period. The increase of the respiration rate of the bacteria in the soil sample 
treated with IPG above that of the control might support the contention of 
Newman, DeRose, and DeRigo (5) that this compound is readily decarboxylated. 

SUMMARY 

Manometric means for measuring the respiration of a soil sample were used 
as a convenient method to indicate inhibition of the heterotrophic soil micro- 
flora by certain herbicides. Enumerations of the bacteria by plate counts were 
shown to agree closely with the respiration rates. Under the conditions of this 
study, the results indicate that of the herbicides studied, Dow General and 
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Penn Salt NP-128 reduced the respiration rate and plate counts of the sapro- 
phytic microflora for 3 months after treatment. CMU showed a similar reduction 
for 1 month. 

REFERENCES 

(1) Audits, L. J. 1950 Biological detoxification of 2,4-D in soils. Isolation of an effective 

organism. Nature 166. 

(2) Carlyle, R. E., and Thorpe, J. D. 1947 Some eff'ects of ammonium and sodium 

2,4-D on legumes and the Rhizobium bacteria. Jour, Amer. Soc, Agron. 39: 
929. 

(3) Fults, j. L., and Payne, M. G. 1947 Some effects of 2,4-D, DDT, and Colorado 9 

on the bacteria Rhizohium leguuiinosarum Frank in the root nodule of the com- 
mon bean. Amer. Jour. Bot. 34: 245. 

(4) Minarik, C. E. 1951 Pre-emergence herbicides and their behavior. Northeast. 

Weed Control Conf. Proc. 1951 (SuppL). 

(5) Newman, A. S., DeRose, H. R., and DeRigo, H. T. 1948 Persistence of isopropyl- 

N-phenyl carbamate in soils. Soil Set. 66: 393-397. 

(6) Quastel, j. H., and Scholbpield, P. G. 1951 Biochemistry of nitrification in soil. 

Bact. Rev. 15: 1. 

(7) Smith, N. R., Dawson, V. T., AND Wenzel, M. E. 1948 Effect of certain herbicides 

on soil microorganisms. Soil Sci. Soc. Amer. Proc. (1947) 12 : 227. 


ELECTROCHEMICAL PROPERTIES OF HYDROGEN CLAYS FROM 
INDIAN BLACK COTTON SOIL 

B. B. ROY AND S. C. DAS 
Indian Agricultural Research Institute, New Delhi 

Received for publication September 10, 1951 

Systematic studies have been made by Mukherjee and his co- workers (8, 
9, 10, 11, 12, 13, 14) of the fundamental electrochemical character of hydrogen 
clays isolated from a number of Indian soils, kaolin, and bentonites, as revealed 
by their buffer capacities and the nature of their titration curves with bases, 
free and titrable acidity in absence and in presence of neutral salts, displace- 
ment of aluminum and iron by neutral salts, and variations in the viscosity of 
clay suspensions on addition of increasing amounts of alkalies. The mineralogi- 
cal composition of these clays was also determined by x-ray, thermal, and op- 
tical methods and correlated with their electrochemical properties. Besides 
elucidating a number of points of considerable agronomic importance, the 
results of this comprehensive work show that the clay fractions isolated from 
Indian soils usually contain more than one clay mineral (that is, secondary 
aluminosilicate minerals) but generally kaolmite is the dominant mineral con- 
stituent of laterites and lateritic soils, whereas black cotton soils are predomi- 
nantly montmorillonitic.^ The work w^as carried out mostly with surface soils. 

It is well known that during the process of weathering and formation of 
soils, such factors as eluviation and illuviation of colloidal constituents and 
soluble salts, soil reaction, soil moisture, temperature, microbial activity, drain- 
age conditions, and parent material have important effects on the nature and 
amount of clay minerals formed in different horizons of the profile. For in- 
stance, Nagelschmidt et al. (15) found that soils in India derived from granite 
and gneiss contained mainly kaolin under eluvial conditions and montmorillo- 
nite under illuvial conditions. Hosking (3) has shown that in Australia under 
conditions of abundant rainfall and active leaching, kaolinitic soils form from 
basic igneous rocks, whereas, under conditions of low rainfall and poor leaching, 
montmorillonite soils form from the same parent rocks. Kelley (4) in an analysis 
of a Susquehanna profile has found that kaolinite is present in the top 20 inches 
under strong acid leaching conditions, but that montmorillonite is present at 
the bottom of the profile. Some soils contain mixtures of clay minerals, but 
others have a single mineral as the dominant component. These are primarily 
mature soils in which the clay minerals have had sufficient time to develop. It 
has also been observed that in clays containing mainly kaolinite and some 
montmorillonite in the entire clay fraction, the latter mineral tends to be con- 
centrated in the finer subfraction. 

Systematic investigations on the electrochemical and mineralogical properties 
of Indian soils on a profile basis have been very fevr. Nagelschmidt et ah (15) 
made a comparative study of the physiocochemical and mineralogical characters 
of soil samples from a black soil profile and from an adjacent red one from 
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Hyderabad. Raychaudhuri et al. (17) made a similar study of a black and a red 
soil profile from Coimbatore. 

The purpose of the present investigation was to examine in detail the electro- 
chemical and related properties of H-clays isolated from horizon samples of a 
typical black cotton soil {regur) profile from Indore, with a view to gaining 
fuller information on the development and genesis of these soils with special 
reference to the nature and distribution of clay minerals with depth. 

MATERIALS AND METHODS 

The 'profile 

A description of the profile to a depth of 6 feet follows. As is to be expected 
for a soil of this type, the profile is more or less uniform, and the change from 
horizon to horizon is not sharp. 


TABLE 1 

Mechanical composition of a typical black cotton soil from Indore 


Air “dry basis 


HORIZON 

MOISTURE 

UOSS ON IGNITION 

SAND 

SILT 

CLAY 

inch 

Per cent 

Per cent 

per cent 

per cent 

Per cent 

0-1^ 

7.6 

7.6 

27.2 

22.5 

35.6 

m-z 

8.1 

7.2 

30.9 

21.0 

34.6 

3-6 

8.9 

6.7 

15.0 1 

26.1 

44.6 

6-9 

9.2 

6.2 

13.6 

25.7 

47.7 

9-12 

9.3 

6.1 

11.7 

24.9 

48.6 

42-48 

9.0 

5.7 

11.3 

23.5 

50.5 

66-72 

9.2 

5.5 

11.3 

21.2 

52.4 


Location : F 42. Institute of Plant Industry, Indore, India. 

Vegetation: Virgin land (grass strip). 

0-24 inches : Friable, with roots of plants, black color, clayey loam. 

24-42 inches : Semifriable, black color, clayey. 

42-60 inches: Harder soil with very little disintegrated parent material, change in color 
to grayish black, clayey. 

60-72 inches: Still harder soil with disintegrated parent material, clayey. 

Samples were collected from the following horizon levels: 0~1K, 3-6, 

6-9, 9-12, 18-21, 30-36, 42-48, 54-60, and 66-72 inches. 

The results of the mechanical analyses of seven of the soil samples (table 1) 
show that the clay fraction increases with depth, from 35 per cent in the top 
layer to about 52 per cent at a depth of 72 inches. The sand fraction (coarse 
and fine composite) decreases correspondingly from 30 to about 11 per cent. This 
shows eluviation of fine clay from the upper to the lower horizon. 

The soil is slightly alkaline, the pH varying between 7.3 and 7.6. 

Separation of the clay fractions 

The clay fractions (<2 m ) were separated from horizon samples by dispersion 
in distilled water and siphoning off of the top 20 cm. of the suspension after 24 
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hours. The organic matter was 'removed from the clay fraction by exliaustive 
treatment with 6 per cent H 2 O 2 . All exchangeable bases were then replaced by 
repeated leaching with 0.02 N HCL The H-clay thus obtained was washed free 
of excess acid and dispersed in distilled water to obtain approximately 1 per 
cent clay in the suspension. 

RESULTS A'ND DISCUSSION 
Chemical composition of the hydrogen clays 

The results of fusion analyseKS of the ITclays from different horizons of the 
profile are presented in table 2. 

The silica-sesquioxide ratio in these H-clays is about 3, and this value is more 
or less maintained thimighout the profile. As a consequence of the gradual 


TABLE 2 


Chemical composition of H-clays from a typical black cotton soil from Indore 


HORIZON 

SiOa 

AI 2 O 3 

FeaOs 

CaO 

MgO 

K2O 

SiOa/RsOs 

SiOa/AlaOa 

inch 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 



PA-3 

68.70 

28.21 

9.81 

0.48 

0.88 

1.88 

2.90 

3.46 

6-9 

67.47 

27.65 

10.93 

0.45 

0.96 

1.61 

2.82 

3.53 

18-21 

56.78 

27.92 

10.59 : 

0.42 

1 1.76 

1.39 

1 2.78 

3.46 

30-36 

57.33 i 

25.36 

' 13.74 

0.16 

' 1.26 

S 1.70 

: 2.85 

3.83 

42 — 48 

68.92 

23.14 

i 14.14 

0.14 

! 2.56 

1 1.69 

3.12 

4.32 

66-72 

58.60 

22.61 

15.71 

0.21 

1 2.74 

1 2.75 

1 

3.05 

4.42 


TABLE 3 

CaO in H-clays from a typical black cotton soil from Indore 


HORIZON 

ORIGINAL CaO 

AFTER HCl TREATMENT 

AFTER ELECTRODIALYSIS 

inch 

per cent 

per cent 

per cent 

6-9 

0.45 1 

0.45 

0.40 

30-36 

0.16 

I 0.20 

1 

^ 0.16 


decrease in the percentage of AI 2 O 3 , the silica-alumina ratio, however, slightly 
increases with depth. Appreciable amounts of nonexchangeable Mg and K are 
present. The presence of 1.4 to 2.7 per cent K 2 O suggests that the clay minerals, 
which are mainly montmorillonitic as judged from their electrochemical prop- 
erties, also contain some illite. The proportion of the latter amounts to 20 to 35 
per cent , when calculated on the assumption that illite has essentially the same 
structure as montmorillonite with the exception that 15 per cent of the 
has been replaced by Al'^++ and the resulting negative charge is balanced by 
K+ (2). 

A trace of Ga — 0.14 to 0.48 per cent CaO — ^is present in these H-clays. That this 
Ca is not in the exchangeable form is proved by failure of repeated leaching of 
these H-clays with dilute HCl and of exhaustive electrodialysis to remove the 
Ca. These results are shown in table 3. 
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The H“Clays have dimensions of 2 ^ or less, and it is not improbable that they 
contain traces of unweathered primary soil-forming minerals, for example, 
feldspar. Coleman and Jackson (1) in an analysis of H-clays ( <0.2 /x) from Coastal 
Plain soils of southeastern U. S, A. also found Ca, var 3 dng between 0.8 and 1.5 
per cent, which they attributed to the ^^presence of unidentified minerals or un- 
orthodox types of lattice substitution.’’ Kelley et al. (5) reported the presence of 
a small percentage of nonreplaceable Ca in some samples of Ca-saturated clay 
colloids ( < 1 /x) from California soils. Whether the Ca found in H-clays of the 



Fig. 1. Titration Curves of H-Clays from the 9-12-Inch Horizon of a Typical Black 

Cotton Soil from Indore 

Indore black cotton soils originated from unweathered Ca-bearing minerals such 
as feldspar or is present in the lattice in nonexchangeable form is not clear. 

Electrochemical 'properties 

Potentiometric titrations of H-clays with NaOH and Ba(OH )2 were carried 
out according to the method of Mukherjee (6, 7), The nature of the titration 
curves varies with the type of alkali used. Figure 1, which gives titration curves 
of H-clays from the 9-12-inGh horizon with NaOH and Ba(OH) 2 , both in absence 
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and in presence of N BaCLi, is a typical example and is characteristic of mont- 
morillonite. The NaOH curve indicates a weak monobasic acid character. The 
inflection points for the different H-clays lie between pH 7.6 and 8.8. The 
Ba(OH )2 curve is characteristic of a strong monobasic acid with the inflection 
point between pH 6.6 and 7.7. In presence of iV BaCl 2 , the baryta curve also 
shows a strong monobasic acid character, but the inflection occurs at a lower pH 
(between 5.9 and 7.1). The initial pH of all these H-clays lies between 4.05 and 
4.45. 


TABLE 4 

Base-exchange capacity of H-clays from a typical black cotton soil frotn Indore 


TITRATED WITH NilOH 


TITRATED WITH Ba(OH )2 


TITRATED WITH Ba(0H)2 IN 
PRESENCE OF N BaCb 


1 , pH 7 

Inflection 

pH 7 

Inflection 

pH 7 

Inflection 

inch 

me.* 

ml. 

me. 

ml. 

me. 

ml. 

0~13^ 

28.0 

59.0 [ 8 . 6 ]t 

46.5 

54.0 [7.7] 

72.5 

73.0 [7.1] 

lM-3 

47.5 

64.0 [8.5] 

60.5 

65.0 [7.5] 

78.2 

74.0 [6.5] 

3-6 

61.0 

70.0 [7.8] 

69.0 

67.0 [6.7] 

87.5 

75.0 [5.5] 

6-9 

63.5 

79.0 [8.4] 

78.5 

75.0 [ 6 . 6 ] 

99.0 

84.0 [5.4] 

9-12 

64.0 

82.5 [8.4] 

79.5 

77.0 [6.7] 

95.0 

85.0 [5.9] 

18-21 

60.0 

82.5 [8.3] 

77.5 

77.0 [6.3] 

88.5 

80.0 [ 6 . 0 ] 

30-36 

59.0 

76.0 [8.4] 

74.0 

76.0 [7.3] 

96.5 

90.0 [ 6 . 1 ] 

42-48 

65.0 

74.0 [7.6] 

79.5 

80.0[7.1] 

95.5 

90.0 [6.4] 

54-60 

68,0 

74.0 [7.8] 

78.5 

76.0 [ 6 . 6 ] 

1 98.5 

92.0 [6.3] 

66-72 

63.0 

87.0 [ 8 . 8 ] 

86.0 

88.0 [7.4] 

97.5 

95.0 [6.7] 


* me. = per 100 gm. 

t Figures in brackets indicate pH values at inflection points. 


TABLE 5 


Base-exchange capacity of H-clays from a typical black cotton soil 
from Indore as determined by different methods 


METHOD 

BASE-EXCHANGE CAPACITY 

Schollenberger (with N NH 4 OAC, pH 7) . . 

me./ 100 zm. 

87.0 

Parker (with N BaOAc, pH 7) 

89.3 

Titration with bar 3 ^ta in presence of N BaCL 

1 

89.0 


The base-exchange capacities of H-clays as calculated at pH 7.0 and at the 
inflection points in the titration curves with NaOH and Ba(OH )2 are recorded 
in table 4. 

It will be noticed that the base-exchange capacities calculated at the inflec- 
tion points and also at pH 7.0 show irregular variations in some cases but, wdth 
a few exceptions, they do not appear to differ greatly with depth. The high base- 
exchange capacity, the nature of the titration curves, and also the pH values at 
the inflection points suggest that the dominant mineral present in these H-clays 
belongs to the montmorillonite group (11). 
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The base-exchange capacities of these clays were also determined by Schol- 
lenberger^s (18) and Parker’s (16) methods. The values were found to be almost 
identical with those obtained by potentiometric titration with baryta in presence 


TABLE 6 

Ejfect of increasing base saturation on viscosity of H-clay suspensions from a typical black 

cotton soil from Indore 


HORIZON 

INITIAL VISCOSITY 

MAXIMUM VISCOSITY 

INCKEASE IN VISCOSITY 

NEUTSALIZATION AT 
MAXIMUM VISCOSITY 

inch 

centipoise 

centipoise 

centipoise 

Per cent 

lH -3 

.816 

0.957 

,141 

68.8 

5-9 

.791 

1.005 i 

.214 i 

60.8 

18-21 

.790 

0.954 

.164 

60,0 

30-36 

.785 

0.985 

.200 

67.8 

42-48 

.792 

0.969 

.177 

62.2 

66-72 

.764 

0.943 

.179 

63.2 



Fig. 2. Effect of Increasing Base Saturation on Viscosity of H-clay Suspensions 
FROM A Typical Buace: Cotton Soil PROM Indore 

of N BaCh (table 5). This suggests that with a normal salt concentration and at 
pH 7, the difference in the effects of NH 4 '^ and Ba+'^ practically vanishes. 

Electroviscous properties 

The montmorillonitic nature of the clays was further confirmed by viscosity 
studies of the suspensions (11). Like pure montmorillonite, the viscosity of an 
0.88 per cent H-clay suspension with increasing addition of NaOH was found to 
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iuerease steadily, reach a niaximum value at a point between 60 and 68 per 
cent neutralization, and then decrease gradually. The results obtained with six 
of the samples along the profile are given in table 6. Figure 2 illustrates the 
viscosity curves of H-elays from two horizons; other hydrogen clays produce 
exactly similar, curves. 

Thermal dehydration 

Thermal dehydration studies by the method of Kelley et al. (4) further eluci- 
dated the nature of the clay minerals. The nature of the thermal dehydration 

TABLE 7 


Thermal dehydration of H -clays from a typical black cotton soil from Indore 


HORIZON 

! 

TOTAL WATER 

i 

ABSORBED WATEU 

LATTICE WATER 

INFLECTION 

TEMPERATURE 

inch 

per cent i 

per cent 

per cent i 


lJ^-3 

15.2 

11.2 

4.0 

410 

6-9 

15.6 

11.0 i 

4.6 

400 

18-21 i 

1 

16.6 

12.5 

3.9 

440 



Fig, 3. Thermal Dehydration Curves op H-clats prom a Typical Black Cotton Soil 

FROM Indore 

curves (high adsorbed water as compared to crystal lattice water, and the in- 
jflection temperature) shows that the dominant mineral in these clays belongs to 
the montmorillonite group (table 7 and fig. 3) . 

SUMMARY 

Electrochemical and related properties of hydrogen clays prepared from 
horizon samples of a typical black cotton soil {regur) horn Indore were studied. 
Data have been presented on the chemical composition, electrochemical and 
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electroviscous properties, and thermal dehydration studies of these clays. Mont- 
morillonite was found to be the predominant mineral; some illite was present, 
to the extent of 20 to 35 per cent. The electrochemical properties of the clays 
showed very little change with increasing depth. 
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VARIATIONS IN SOIL BORON WITH CULTIVATION AND SEASON 

HERBERT W. WINSOR 

Florida Agricultural Experiment StaliorA 
R,ec:eive<l for publication January 14, 1952 

Certain climatic factors appear to have a definite influence upon the amount 
of boron translocated from soil to plant. The effect of dry weather in preventing 
plant uptake of boron was shown by Walker (5), who reported that well-fertilized 
beets in the Racine-Kenosha area of Wisconsin which had received an applica- 
tion of 75 pounds of borax per acre made rapid growth until about half grown, 
when almost no rain fell for 4 weeks. Near the end of this period and about 2 
weeks before harvest, internal black rot (boron deficiency) appeared, affecting 25 
per cent of the crop. Latimer (3) found that high summer temperature and 
various other climatic conditions were not correlated vdth internal cork (boron 
deficiency) of apples in New Hampshire, but that drought in June and July was 
the most important predisposing factor to this disease. The effect of temperature 
in releasing boron from soil was studied by Eaton and Wilcox (2) , who found that 
in the range 6 to 35®C. the amount of boron liberated by 1-to-l suspensions in 
0.005 N CaS 04 solution rose from 1.40 to 2.18 ppm. As this temperature range is 
ordinarily experienced in the production of economic crops, it would seem that 
a similar release of boron might occur under field conditions. 

Effect of climatic changes in a cultivated soil upon amount of boron deter- 
mined in subsequently air-dried samples was first noted in 1945. Seasonal effects, 
shown in table 1, were difficult to evaluate because of parallel variations in 
temperature and rainfall. The purpose of the present investigation was to study 
the effects of prolonged cultivation and diverse seasonal changes upon the 
amounts of boiling-water-extractable boron in certain Florida soils. 

MATERIALS AND METHODS 

De Turk and Olson reported (1), ‘^Although the water-soluble fraction is not 
an exact index of the boron in the soil available to the plant, yet this portion is 
probably a truer measure of the available form than either the acid-soluble 
fraction or the total.’^ Rogers (4) -who investigated several extraction methods 
for soils within the boron range 0.03 to 0.22 ppm., pointed out that though a 
hot-water-extraction procedure gave satisfactorj!^ results with coarse-textured 
red and yellow podzolic soils of Alabama, the critical values thus established 
probably would not apply to fine-textured soils of the same region or soils of 
other regions that have high boron-fixing capacities. The boiling-water extraction 
procedure was considered suitable for the present study, however, because all 
the soils were of similar texture and because comparisons were to be made 
for successive samplings at each location, with climatic factors as the variable. 
An extraction period of 5 minutes of boiling was used (6), and differences in 

^ Florida Agricultural Experiment Station Journal Series No. 54. 
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colorimetric values from duplicate aliquots usually were within plus or minus 5 
per cent. Duplicate extractions, where used, showed similarly close agreement. 

The seasonal conditions sought for samphng the soils were: winter dry, sum- 
mer dry, and summer wet. The first group of samples was taken in January, 
1950, an extremely dry period; the second group in June, 1951, which was hot 
and dry; and the third group in August, 1951, which was hot and wet. The 
rainfall for one month prior to each sampling was, respectively^ 0.37, 1.08, 
and 12.56 inches. Winter rains usually are brought about by cold fronts from the 
northwest, but as the January, 1950, sampling period was almost without rain, 
it was warmer than usual, with an average maximum air temperature of 80.3°F. 
and an average minimum of 55.5°. The averages for the month prior were maxi- 
mum 74.2° and minimum 50.5°, and for November, 1949, they were maximum 
73.3° and minimum 48.6°. Thus, though air temperatures at time of sampling 
in January were high, these soils had been exposed for a prolonged period to cool 
weather, with temperatures in the November-December period dropping nine 
times to as low as 34 to 39°. In contrast, temperatures for June, 1951, averaged 
92.3° maximum and 69.6° minimum; and for August, 1951, 93.7° maximun* aiid 
72.5° minimum. These records were from the weather station at Gain ille, 
which is centrally located in the area sampled. 

The upland mineral soils in this study are \vell-distributed in Alachua County, 
Florida, and each sampling position was selected because it offered an oppor- 
tunity to contrast a soil under prolonged cultivation with the immediately 
adjoining virgin soil. All samples were taken, in the O-6-inch depth, with a stain- 
less steel sampling tube inches in diameter. About 12 plugs were obtained at 
each location to ensure a representative sample. The soils were spread on Kraft 
paper at room temperature until completely air-dried. All samples were then 
sifted three times through a 2-mm. perforated aluminum sieve, mixed until 
thoroughly homogenized, and stored in cardboard ice cream cartons until ana- 
lyzed. Each group of soils was analyzed for boron within 2 to 5 months after it 
was sampled. Previous analysis of similar unsupplemented soil' showed no effect 
of storage time on the amount of boron determined. The pH values, obtained on 
all soils of the August, 1951, sampling, were determined as soon as the soils had 
completely air-dried. 

RESULTS 

The reaction in Arredondo loamy fine sand (table 1) averaged about pH 5.7, 
and the range for all soil types in table 2 was from pH 5,08 to 6.09. Reaction 
appears not to have influenced the boron values in any of these studies. 

Though the data in table 1 are limited, they are fundamental to the under- 
standing of seasonal variations in boron. In this shallow phase of Arredondo 
loamy fine sand where clay is only 12 to 18 inches from the surface, the behavior 
of boron throughout the summer rainy season was of definite interest. Since 
rainfall for the 3 days prior to each sampling period was extremely high, rang- 
ing from 1.59 to 5.52 inches, the constancy of the value for boiling-water-ex- 
tractable boron at 0.17 ppm. seems remarkable. Conservation of native boron 
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in these instances is believed to have resulted from colloids in the topsoil, plus 
the proximity of the fairly stiff clay in the subsoil. Such losses as may have 
occurred by leaching perhaps were compensated by progressive liberation of 
boron from the mineral source, tourmaline (6). The boron equilibrium appeared 
to have shifted with seasonal conditions, however, for the value was only 0.14 
ppm. when the experiment was begun in April, but rose to 0.17 ppm. through the 
hot, wet summer months, and dropped with lower temperature and scarcity of 
moisture to 0.12 ppm. in October. The cyclic period of maximum liberation 
appears to have been reached again by May 17 of the following year, when the 
boiling-water-extractable boron rose to 0.18 ppm. 

Data from the detailed stud}^ of the influence of cultivation and seasonal 
change in the various soil types are presented in table 2. Location 34 showed an 
extreme response of a virgin soil to seasonal variation, with respective boron 
values for winter dry, summer dry, and summer wet of 0.18, 0.33, and 0.52 ppm. 

TABLE 1 


Boir -water -eztr actable boron in Arredondo loamy fine sand (shallow phase) as related to 
sampling period^ temperature, and rainfall 


BATE SAMPLED 

BORON 

0-7 INCH 
DEPTH 

MEAN 

TEMPERATURE 

RAINFALL 

3 days prior to 
sampling 

Since previous 
sampling period 

Total since 
Apr. 20 


ppm. 

°F. 

in. 

in. 

in. 

(1945) *Apr. 20 

0.14 

73.8 

0.12 

* 

--- 

June 26 i 

0.17 

81.6 

2.63 

11.67 

11.67 

July 20 

^ 0.17 

80.4 

2.75 

7.84 

19.51 

Aug. 21 

0.17 

80.6 

5.52 

14.24 ! 

33.75 

Sept. 18 

0.17 

80.4 

1.59 

6.74 

40.49 

Oct. 22 

0.12 

71.6 

0.00 

0.75 

' 41.24 

(1946) May 17 

0.18 

76.2 

0.77 

25.14 

66.38 


* The rainfall i".{Api*il prior to the first sampling was 0.35 inch (0.23 for April 7 and 0.12 
for April 19). ^ 


In location 36, companion to 34 except cultivated for about 50 years, there was 
an almost parallel response to seasonal change, with respective boron values of 
0.06, 0.14, and 0.16 ppm. There was a similar response to climate in all soils to 
and including location 97. In location 106, where the soil was protected by trees, 
shrubs, and the Ao organic mat, there was the usual seasonal gain in boron, with 
values of 0.13, 0.19, and 0.25 ppm. In the adjoining peanut field (location 107), 
which had been under cultivation for about 75 years, the winter dry value was 
only 0.05 ppm. This rose to 0.09 ppm. for the summer dry period, but in the 
August sampling^ dropped to 0.07 ppm. 

In the lower section of table 2 the increase in summer dry (June) values over 
winter wet was notable in all instances, with gains of 116 to 550 per cent. As in 
location 107, however, there was a loss of boron in the August samples; yet these 
still exceeded the winter wet by 42 to 250 per cent. August losses from the deep 

2 See footnote, table 2. 
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sandy soils should be contrasted with excellent retention by the soil in table 1, 
where depth to clay was limited. From the means for the upper section of table 
2 it is seen that climatic effects in the virgin soils caused boron to rise from 0.22 
ppm. for winter dry to 0.38 ppm. for summer wet, and in the cultivated soils 
from 0.07 ppm. to 0.19 ppm. Therefore, the virgin soils showed a seasonal gain 
in boron of 73 per cent, and the corresponding gain in cultivated soils was 171 
per cent. 


TABLE 2 

Variation in boiling -water -extractable boron with 'prolonged cultivation and seaso^ial change 
Expressed as parts of boron per million parts of air-dried soil 





VIRGIN 


1 CULTIVATED 

LOCATION 








NUMBERS 

virgin; 

CULTIVATED 

SOIL TYPE 

Winter 

dry 

(Janu- 

ary) 

Summer 

dry 

(June) 

Summer 

wet 

(August) 

Winter 

dry 

(Janu- 

ary) 

Summer 

dry 

(June) 

Summer 

wet 

(August) 

34; 36 

Blichton fine sand 

0.18 

0.33 

0.52 

0.06 

0.14 

0.16 

49; 50 

Blichton loamy fine sand 

0.28 

0.35 

0.45 

0.14 

0.24 

0.32 

51; 52 

Arredondo loamy fine sand 

0.23 

0.35 

0.41 

0.08 

0.23 

0.25 

83; 84 

Blichton loamy fine sand 

0.33 

0.35 

0.38 

0.03 

0.10 

0.14 

96; 97 

Kanapaha fine sand 

0.17 

0.22 

0.28 

0.04 

0.14 

0.20 

106; 107 

Blanton fine sand 

0.13 

0.19 

0.25* 

0.05 

0.09 

0.07* 

Mean 

0.22 

' 

0.30 

0.38 

0.07 

0.16 

0.19 



Winter 

wet 

Febru- 

ary) 

Summer 

Summer 

Winter 

wet 

(Febru- 

ary) 

Summer 

Summer 



! dry 
(June) 

wet 

(August) 

dry 

(June) 

wet 

(August) 

121; 122 

Ft. Meade fine sand 

0.19 

0.41 

0.27* 

0.09 

0.30 

0.13* 

123; 124 

Gainesville loamy fine sand 

0.15 

0.34 

0.23* 

0.06 

0.23 

0.12* 

127; 128 

Jonesville fine sand 

0.04 

0.17 

0.09* 

0.02 

0.13 

0.07* 

Mean 

0.13 

0.31 

0.20 

0.06 

0.22 

0.11 


* From sections of the county where summer rains were late. There had been only one 
major rainy period, of 24 to 48 hours’ duration, and ending 3 days before these samples 
were taken. Leaching of boron appears to have been heavy in most instances, with insuffi- 
cient time for reestablishment of equilibrium before the samples were taken. 

The total amount of boiling-w^ater-extractable boron found in the cultivated 
soils was notably less than in the \argin soils. This relationship is given in detail 
in table 3. Though the ratios ai*e somewhat variable, the boron in cultivated 
soils never exceeded 78 per cent of the amount found in the corresponding virgin 
soil. In location 84, where the soil had been under cultivation for about 100 years, 
the cultivated field showed only 9 per cent as much boron as the adjoining hard- 
wood forest. But this low value w^as for the conditions of the January sampling. 
When sampled in June (dry) the cultivated soil show^ed 29 per cent as much boron 
as the virgin sample, and in August (consistently wet) 37 per cent as much. The 
mean values for table 3 show that when sampled in winter the boron in culti- 
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raXed soils was only 36 per cent of that in the virgin soils, but rose to 59 per 
cent ill the June samples, and was 53 per cent of the virgin values in the samples 
collected in August/ 

Limited data were obtained as to management practices which might have a 
tendency to restore boiling-water-extractable boron in cultivated soils to the 
original virgin levels. In two areas it was possible to collect samples not only 
from virgin and cultivated locations but also from locations where the soil had 
been allowed to revert to a growth of volunteer pines in the first instance and to 
weeds and bushes in the second. As all these samples were collected at the same 

TABLE 3 


Ratio of boiling -water-extractahle boron in cultivated soils to that in corresponding virgin soils 

under variotis climatic conditions 
Value for virgin soil in each instance considered as 1.00 


LOCATION 

NOM'BEKS 

SOIL TYPE 

WINTER 

(JANUARY- 

february) 



SOMMER DRY 
(JUNE) 

SOMMER WET 

(august) 

34; 36 

Blichton fine sand 

0.33 

0.42 

0.31 

49; 50 

Blichton loamy fine sand 

0.50 

0.69 

0.71 

51; 52 

Arredondo loamy fine sand 

0.35 

0.66 

0.61 

83; 84 

Blichton loamy fine sand 

0.09 

0.29 

0.37 

96; 97 

^ Kanapaha fine sand I 

0.24 1 

0.64 

0.71 

106; 107 

1 Blanton fine sand 

0.38 ! 

0.47 

0.28 

121; 122* 

Ft. Meade fine sand 

0.47 i 

0.73 

j 0.48 

123; 124 

Gainesville loamy fine sand 

i 0.40 1 

0.68 

i 0.52 

127; 128 

Jonesviile fine sand 

; 0.50 

0.76 

1 

0.78 

1 

1 

Mean 1 

0.36 

0.59 

0.53 

1 


* The break used in table 2 to set off locations 121 to 128 has been eliminated here, as 
the rain 2 days prior to the February sampling seems to have caused little difference in 
the ratios for these soils. 


time, they are validly comparable one with another. The analytical values as 
parts per million are as follow^s: 

Locations Virgin Cultivated Reverted 

34 ;36 ;35 Blichton fine sand 0.18 0.06 0.10 

31 ;33 ;32 Gainesville loamy fine sand 0.23 0.11 0.14 

Location 36, under long cultivation, contained 0.06 ppm. compared with the 
virgin value of 0.18 ppm,, but after reversion to pines (location 35) the value had 
risen to 0.10 ppm. This gain of 0.04 ppm. indicates a 33 per cent restoration of 
soluble boron in about a 12- to 15-year period. In the second group the gain of 
0.03 ppm. for location 32 represents a 25 per cent restoration in what seemed to 
have been less than a 10-year period. 

DISCUSSION 

Analytical procedures for soil boron are now relatively satisfactory, but wide 
sampling variations due to seasonal effects may lead to erroneous conclusions. 
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Such variations appear to result from shifts in the equilibrium between the 
primary source of boron, tourmaline, and the natural soil processes. Types of 
investigation in which this phenomenon could cause major errors are: a study of 
the effects of various soil amendments upon boron levels in soils; a study of 
residual effects of boron supplements; and a survey to establish critical levels for 
boron in soils, relative to plant response. 

Since it has been shown by various investigators that boron uptake by plants 
is very limited in times of drought, it might be assumed that there is some type 
of fixation in a dry soil. The data presented herein have shown a considerable 
gain in water-extractable boron in soils sampled in an extremely dry time but 
at elevated temperatures. It is concluded for certain sandy soils during periods 
of summer drought, therefore, that the movement of boron from soil to plant 
is limited primarily by the lack of water as a transporting vehicle. 

SUMMARY 

Upland mineral soils in Alachua County, Florida, were sampled in January, 
June, and August, to study variations in the boiling-water-extractable boron 
in virgin and cultivated soils under the following seasonal conditions: winter 
dry, summer dry, and summer wet. In Blichton fine sand the boron for these 
respective periods was 0.18, 0.33, and 0.52 ppm. for the virgin samples, and 0.06, 
0.14, and 0.16 ppm. for the cultivated. The other soil types showed similar cli- 
matic response. Blanton fine sand under native cover contained 0.13, 0.19, and 
0.25 ppm., respectively; but in the adjoining peanut field cultivated 75 years, 
the winter dry value w’-as only 0.05 ppm. This rose to 0.09 ppm. under hot, dry 
June conditions, but decreased to 0.07 ppm. w^here the August rains were intense 
but occurred only 3 days prior to sampling. 

In Blichton loamy fine sand cultivated approximately 100 years the January 
samples showed only 9 per cent as much boiling-w-ater-extractable boron in the 
cultivated field as in the adjoining virgin area (hardwmod forest). In the June 
(dry) samples the boron value increased to 29 per cent as much as in the virgin 
soil and in the August (consistently wet) samples to 37 per cent as much. 

The need for evaluation of seasonal conditions in sampling soils for the boron 
determination is emphasized. 
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Sulfur occurs in plants and animals both as inorganic sulfate and as a con- 
stituent of organic compounds. It is present in the amino acids methionine and 
cystine, in the vitamins thiamine and biotin, in the peptide glutathione, and in 
a number of other compounds which are important in the general metabolism of 
plants and animals. 

The level of sulfur fertilit}^ of the soil directly affects the total sulfur of the 
plant (11, 15, 21). Thomas et al. (19) reported a twelvefold range in the total 
sulfur content of alfalfa leaves, depending on the sulfur supply to the plants. 
These variations were due mainly to the inorganic fraction. It has been es- 
tablished that a sulfur deficiency in soils lowers the crop afield (5). This indicates 
that the general metabolism of the plant has been modified and that substances 
other than those containing sulfur are affected. 

Tisdale et aL (20) found that methionine and cystine decreased in alfalfa which 
was grown in nutrient solutions deficient in sulfate but were not increased above 
normal by an excess of sulfate. Recently, Mertz et al, (12) found that sulfur- 
deficient alfalfa plants grown in sand culture contained increased amounts of 
aspartic acid and arginine and decreased amounts of 16 other amino acids when 
compared with normal control alfalfa plants. The samples used in this latter 
experiment were also analyzed for the B vitamins, and the results of these 
assays are reported in this paper. 

Little wmrk has been published on the i*elation of sulfur fertility to the vitamin 
content of plants. It has been reported (7, 10) that the carotene and ascorbic 
acid contents of ripe tomatoes were not significantly influenced by wide varia- 
tions in the sulfate supplied to the plant. In complete absence of sulfate, however, 
the ascorbic acid content was slightly higher than average. Essentially the same 
results were observed on the carotene and ascorbic acid contents of turnip greens 
(2). When the turnips were growui either in soil or in sand cultures, the ascorbic 
acid content was affected little by the sulfate supply; ho^vever, deficiencies in 
sulfate caused a decrease in the carotene content of the turnip greens when in 
sand cultures, but not in soil. Any treatment that produced visible chlorosis of 
the leaves resulted in appreciable decreases in the carotene content. 

Reports on the effect of sulfur fertility on the B-vitamin content of plants 
have been limited to the studies b}^ Watson and Noggle (22), who found some- 
what lower riboflavin values for sulfur-deficient oat plants growm on gravel 
culture than for those growm with complete nutrient solutions. The present work 

1 Journal Paper 595, Purdue University Agricultural Experiment Station, Lafayette, 
Indiana. This work was supported in part by the Texas Gulf Sulphur Company. 

365 



366 


J, W, NEEDHAM AND S. M. HAUGE 


was conducted to determine the effect of sulfur treatments upon the vitamin B- 
coinplex of alfalfa. 

MATEBIALS AND METHODS 

Plants were grown on soil plots with vaiying applications of elemental sulfur 
to the soil, as well as in sand culture pots in the greenhouse. The entire plants 
except the roots were analyzed for seven of the water-soluble vitamins: biotin, 
folic acid, niacin, pantothenic acid, pyridoxine, riboflavin, and thiamine. Choline 
was also determined in some samples. In addition, amounts of total, inorganic, 
and organic sulfur were determined in order to correlate sulfur treatment with 
the sulfur and vitamin content of the plant material. 

Alfalfa grown in field 'plots 

Samples were taken from alfalfa plants grown in Culver fine sand near Culver, 
Indiana, in a randomized block design which received five treatments in three 
replications by adding elemental sulfur at the rate of 112, 224, 448, and 896 
pounds per acre. Three cuttings were harvested in 1949. Since there was no 
difference in yield between treatments in any of the cuttings, only the extreme 
levels were analyzed for vitamin content, that is, the control plots and those 
treated with 896 pounds of sulfur per acre. 

The alfalfa samples were dried at 60°C. for 24 hours in an oven equipped with 
a bloww, ground in a Wiley mill to pass a 0.5-mm. sieve, mixed, bottled, and 
stored at — IS'^C. 

Alfalfa grown in nntrient solution 

Samples were taken from alfalfa plants grown in the greenhouse in sand cul- 
ture according to a procedure described by Tisdale et al. (20). All of the plants 
were propagated from the same clone and hence were genetically identical. The 
cuttings were rooted in a medium of quartz sand and vermiculite with the aid 
of indolbutyric acid, given one application of a complete nutrient solution and 
kept moist with distilled water until vigorous root systems had formed, and then 
transplanted in the test pots containing washed flint-shot quartz sand. One 
series of six pots was treated with the complete nutrient solution in which the 
S 04 -ion concentration was 81 ppm.; the other series of 14 pots was treated with 
a similar nutrient solution except that it contained no SO 4 ions. The only source 
of sulfur for the negative pots was from the atmosphere (9), which was appar- 
ently inadequate. Three cuttings of the plant materials were harvested, dried 
in an air oven at 65°C. for 10-12 hours, ground in a Wiley mill to pass a 0.5-mm. 
sieve, weighed, and composite samples made of the material from the pots of 
each treatment. 

Methods of analysis 

Moisture was determined by drying the samples at 70®C. for 5 hours at 
reduced pressure in a vacuum oven. Total sulfur was determined by the com- 
bustion method with a Parr oxygen bomb (14, p. 40). The dry plant material 
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(1.4-1.8 gm.) was compressed into a hard pellet ivith the pellet-maker supplied 
with the apparatus, weighed accurately, and subjected to combustion in the 
bomb. The sulfate was precipitated from an acid solution of the residue \vith 1 
per cent solution of BaCb. From the weight of BavSOi the percentage of sulfate 
was calculated on a dry- weight basis. 

Sulfate sulfur was determined according to the following procedure: 

A 5.CKX)-gm. sample of dry plant material was extracted with 30 ml. of distilled water 
for about an hour with occasional shaking. The supernatant solution was filtered through a 
Whatman No. 2 paper. The residue was washed four times, after wdiich it was transferred 
to the filter and w’ashed with distilled water until a total volume of about 200 ml. was 
obtained. The extract was treated with 2 ml. of bromine water, evaporated to dr 3 mess on 
the steam bath, and then charred in a muffle furnace at 600® for o minutes. After cooling, 
15 ml. of water and 0.5 mi. of concentrated HCl were added, the solution was filtered through 
Whatman No. 2 paper, and the filter wmshed with hot distilled water until the volume was 
about 150 ml. The sulfate was precipitated as BaS 04 . Results are expressed as percentage 
of sulfur on a dr,y-weight basis. Organic sulfur was calculated from the difference between 
total sulfur and sulfate sulfur. 

Thiamiue was determined, by the thiochrome method (1), except for minor 
modifications as suggested by Brown et al. (4). Choline was determined by the 
method of Engel (8). The other vitamins were determined microbiologieally. 
Biotin was assayed by the procedure of Wright and Skeggs (23) ; niacin and ribo- 
flavin by the procedures outlined in Methods of Vitamin Assay (1); p^nddoxine 
by the method of Stokes ei al. (17) ; and pantothenic acid according to Skeggs and 
Wright (16) after enzymatic release of the vitamin (13). Folic acid in the samples 
from the field plots was assayed with Lactobacillus casei (18), and the samples 
from the pot culture series were assayed with Streptococcus faecalis R (6, pp. 
159-160). Although a comparison of the two methods on the same sample 
indicated that S. faecalis gave slightly higher values than L. casei, the values 
within each series are comparable. 

RESULTS AND DISCUSSION 

The sulfur and vitamin contents of the alfalfa grown in the field plots are 
given in table 1. There was little difference between the vitamin contents or sul- 
fur contents of the plants grown on plots without added sulfur and those grovm 
with an excess of suKur. On subjecting the data to analyses of variance, it was 
found that the differences resulting from sulfur treatment were not significant 
at the 5 per cent level, although the differences between cuttings were significant. 
The first cutting appeared to have the highest vitamin content; the second cut- 
ting was lower than the first and third except for folic acid and biotin. 

The lack of significant differences between treatments suggests that the soils 
contained an adequate amount of sulfur for normal growth as evidenced by lack 
of yield differences and visible deficiency symptoms, and that an application of 
excess sulfur to the soil did not increase the vitamin content of the plants. 

Since Bertamson et al. (3) have reported that sulfur deficiency probably does 
not exist in most parts of Indiana, and since no chlorosis or decreased yields were 
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noted in the alfalfa from the untreated plants, a deficiency of sulfur probably did 
not exist. 

It was surprising that the application of large amounts of sulfur had no marked 
effect on the sulfur fractions of plants, since various investigators have shown that 
increased sulfur supply produced increased amounts of total sulfur, regardless of 
the needs of the plant. Although no climatological data were recorded, the 
amounts of sulfur from rainfall (3) during the growth of the plants may have 
been partly responsible for the results obtained in this experiment. 


TABLE 1 


Vitamin and sulfur content of alfalfa grown on soil treated with sulfur, 1949 series 



1 TRE.AT- 
MENT, 

SULFUR 



VITAMIN* PER GRAM DRY WEIGHT 




ELESfEN- 
TAL SUL- 
FUR PER 
ACRE 

Total 

Or- 

ganic 

Biotin 

Cho- 

line 

Folic 

acid 

Niacin 

Panto- 

thenic 

acid 

Pyri- 

doxine 

Ribo- 

flavin 

Thia- 

mine 


Ih 

% 

% 

T 

7 

7 

7 

7 

7 

7 

7 

First cutting 

0 

0.294 

0.18 

0.46 

2,100 

2.3 

43 

32 

8.0 

12 

5.7 


896 

0.327 

0.20 

0.57 

1,800 

3.1 

44 

37 

7.0 

10 

5.9 

Second cutting 

0 

0.260 

0.15 

0.48 

900 

3.1 

32 

21 

5.2 

8.4 

5.5 


896 

0.275 

0.15 

0.51 

930 

3.6 

32 

21 

5.2 

7.0 

5.4 

Third cutting 

0 

0.304 

0.18 

0.50 

1,300 

2.4 

35 

51 

6.7 

8.3 

4.8 


896 

0.309 

0.19 

0.41 

1,600 

2.3 

36 

46 

6.6 

7.1 

5.0 

Average for 
cuttings 

1 


0.311 

0.20 

0.51 

1,900 

2.7 

43 

35 

7.5 

j 

11.0 

I 5.8 

2 


0.268 

0.15 

0.49 

910 

3.3 

32 

21 

5.2 

7.7 

! 5.4 

3 


0.307 

0.18 

0.45 

1,400 

2.3 

35 

48 

6.6 

8.1 

5.8 

LSD (6%) 


0.015 

0.01 

0.10 

440 

0.6 

3.6 

5.3 

0.7 

0.9 

0.2 

LSD (1%) 

i 


0.021 

0.02 

0.15 

640 

0.9 

5.2 

7.8 

1.0 

1.1 

0.4 

Average for 

0 

0.286 

0.17 

0.48 

1,400 

2.6 

37.0 

35 

6.6 

9.5 

5.3 

treatments 

896 

0.304 

0.18 

0.60 

1,400 

3.0 

37.0 

35 

6.3 

8.2 

5.4 

LSD (5%) 


0.038 

0.02 j 

0.10 

600 

0.9 

3.5 

6.1 

0.5 

2.9 

0.3 


* Each entry is the average of one determination on each of three replicates. 


In an attempt to produce sulfur-deficient plants, oats and alfalfa were grown 
in soil pots in the greenhouse. Elemental sulfur at the rate of 1,600 pounds per 
acre was added to one series of pots and no sulfur to the control pots. Because of 
lack of chlorosis, and no differences in yields and vitamin contents, these results 
are not reported. 

Changes due to sulfur deficiency were not produced until alfalfa plants were 
grown in sand culture under rigorously controlled conditions. During growth of 
the first cutting there was little apparent difference in the plants grown without 
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and \vitli addition of 81 ppm. of sulfate, probably because of the sulfur present 
in the cuttings or because of some sulfur taken up by the plants during the proc- 
ess of rooting in the complete nutrient solution. No deficiency symptoms were 
apparent in the deficient plants at the time of the first cutting. When the second 
cutting was made, however, the plants in the deficient pots were stunted and 
yellow. At the time of the thu*d cutting, the plants had made very little growth, 
the leaves were chlorotic, and the stems were spindly. The yields were reduced to 
97 per cent of the controls in the first cutting, 38 per cent in the second, and 16 
per cent in the third. 

The sulfur and vitamin contents of these samples are given in table 2. Although 
14 pots were used to grow the sulfur-deficient plants, the yields w^ere so small 
that it was necessary to make composite samples of each cutting for analysis. 

TABLE 2 


Vitamin and sulfur content of alfalfa grown in nutrient solution voith and without sulfate 


CUTTING 

SUXFATE 

TREATMENT 


SULFUR 


VITAMIN (per gram DRY WEIQKT) 

IN NU- 
TRIENT 
SOLUTION 

Total 

Sulfate 

Or- 

ganic 

Biotin 

Folic 

acid 

Niacin 

Panto- 

thenic 

acid 

Pyri- 

doxine 

Ribo- 

flavin 

Thia- 

mine 


ppm. 

% 

% 

% 

7 

7 

7 

7 

7 

7 

7 

First 

81 

0.356 

0.22 

0.14 

0.62 

6.0 

41 

61 

9.0 

13 

6.3 


0 

0.234 

0.13 

0.10 

0.45 

5.0 

37 

55 

7.8 

11 

5.8 



[66]* 

[55] 

[71] 

[87] 

[83] 

[90] 

[90] 

[87] 

[85] 

[92] 

Second 

81 

0.341 

0.19 

0.15 

0.58 

5.8 

46 

62 

11 

16 

6.2 


0 

0.119 

0.03 

0.09 

0.24 

3.0 

42 

i 49 

7.4 

10 

4.6 



[32] 

[15] 

[60] 

[41] 

[52] 

[91] 

[79] 

[63] 

[63] 

[74] 

Third 

81 

0.350 

0.20 

0.15 

0.51 

5.0 

39 

60 

12 

18 1 

* 6.0 


0 

0.080 

0.03 

0.05 

0.22 

1.0 

41 

25 

6.5 

8.9 

3.4 



[23] 

[17] 

[33] 

[43] 

[20] 

[105] 

[42] 

[54] 

[49] I 

[57] 


* Figures in brackets are percentages of the amounts in the material grown in complete 
nutrient solution. 


Consequently, the data could not be analyzed for significance. When compared 
with the control plants, the deficient plants of each cutting showed a progressive 
decrease in the sulfur content and all the vitamins except niacin. The magnitude 
of the differences, especially in the third cutting, appear to warrant the conclu- 
sion that when sulfur deficiency is sufficiently severe to affect the growth and 
produce chlorosis in the plant, a definite decrease of the total sulfur, the organic 
sulfur, and many of the vitamins occurs. The tests indicate that when the 
organic sulfur content of the plants is reduced to 0.10 per cent or less, definite 
symptoms of chlorosis appear, whereas at levels above 0.15 per cent (table 1) 
no chlorosis or reduced yields w^ere produced. At levels of 0.10 per cent or less 
of organic sulfur, visible chlorosis and decreased B-vitamin content resulted. 

It was observed that the sulfur-containing vitamins, thiamin and biotin, were 
affected no more severely by sulfur deficiency than were many of the other vita- 
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mins. Mei'tz et ah (12) found that the sulfur-containing amino acids of these 
same samples were decreased no more than were many of the other amino acids. 
This would indicate that sulfur deficiency affects the general metabolism, w^hich 
in turn affects a number of constituents, among which are the vitamins and 
amino acids. 


SUMMARY 

To determine the efi'ect of sulfur deficiency and sulfur fertilization on the 
vitamin-B content of alfalfa, plants were grown in field plots and in nutrient 
culture in the greenhouse with and wdthout additions of sulfur and were analyzed 
for biotin, choline, folic acid, niacin, pantothenic acid, pyridoxine, riboflavin, 
thiamine, and inorganic, organic, and total sulfur. 

Alfalfa grown on soil treated with 896 pounds of sulfur per acre failed to show 
any significant increase in the vitamin or sulfur content over that grown on soil 
which received no sulfur treatment. 

To obtain sulfur-deficient plants, it was necessary to use sand culture tech- 
nique. Plants growm with sulfur-deficient nutrient solution contained much smal- 
ler amounts of six of the B vitamins than did those grown in complete nutrient 
solution (81 ppm. sulfate). The content of niacin was not affected. The sulfur- 
deficient plants of the third cutting contained one fifth as much folic acid and 
about one half as much biotin, pantothenic acid, pyridoxine, riboflavin, and 
thiamine as did the control plants. The sulfur-containing vitamins, biotin and 
thiamine were affected no more than some of the other vitamins, although the 
total, inorganic, and organic sulfur contents were greatly reduced in the sulfur- 
deficient plants. 
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Baiie}’^ is one of the leading winter crops in the irrigated valleys of Arizona, 
and every year considerable quantities of the straw and roots are tilled into 
the soils. The plant nutrients in these residues are not insignificant. The phos- 
phorous content, for example, is usually 0.2 to 0.5 per cent on a dry- weight basis. 
Such mineral elements eventually contribute to succeeding crops as a result of 
microbial decomposition, a process that ultimately releases organically combined 
elements for plant absorption. Except for the recent investigations of Fuller and 
Dean (4) with soybean and wheat straw and a limited study by White et at. 
(9) with alfalfa, little is known about the rate and extent of phosphorus uptake 
from plant residues by succeeding crops. That such information is limited is 
indicated also by the very few soils represented in these studies. Calcareous soils 
of the irrigated valleys in the western states, for example, were not included in 
the investigations. 

The ready availability of radioisotopes in recent years has permited expansion 
of research work involving the identification of single elements from two or 
more separate sources. By ‘'Tagging’’ the phosphorus in plant residues placed 
in soils, for example, one can distinguish the amount of the element taken up 
from the residue and from the soil by a newly planted crop. 

The greenhouse investigations reported here were conducted to obtain infor- 
mation about the utilization of phosphorus by rye grass from barley materials 
at three stages of maturity as compared with liquid phosphoric acid when in- 
corporated in some calcareous semiarid soils. 

MATERIALS AND METHODS 

Labeled barley materials 

Barley materials containing radiophosphorus were prepared by growing Arivat 
barley in steel flats (48 by 24 by 6 inches) containing Ottawa silica sand and 
subirrigated daily with a balanced nutrient solution except for phosphorus, which 
Avas omitted during the early stages of growth. The same procedure and the 
same concentration of P32 used for the preparation of labeled wheat by Fuller 
and Dean (4) were used in this investigation. Barley harvests were made after 
32, 52, and 95 days of growth and yielded young barley hay, medium mature 
barley hay, and mature straw. Tops and roots were harvested separately. Plant 
materials were washed in water to remove chance contamination by radiophos- 
phorus from outside sources. Barley heads W’ere clipped from the mature plants 

r Cooperative project between the ITniversity of Arizona and the Biology Branch, 
Division of Biology and Medicine, Atomic Energy Commission under contract No. AT 
(U-l)-103. 
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and the seeds removed. Hulls from unfertilised seeds were separated from the 
grain. Table 1 shows the composition of the barley. 

Soils 

Soils employed in this investigation were selected for their agricultural im- 
portance as well as their wide variation in organic matter, COs-soluble phos- 
phorus, and CaCOg content. Table 2 sho^vs the chemical characteristics of the 
six soils used. 

TABLE 1 


Composition of barley materials added to soils 


PLANT material 

age 

CARBON 

NITROGEN 

TOTAL 

PHOSPHORUS 

ORGANIC 

PHOSPHORUS 

Vnnng hay 

days 

32 

per cent 

34.8 

per cent 

5.46 

per cent 

0.287 

per cent 

0.065 

MediuTn TYiature hay 

52 

33.6 

2.10 

0.352 

0.072 

Mature straw* 

95 

34.5 

1.98 

0.225 

0.040 

Roots of medium mature hay 

52 

34.9 

0.94 

0.159 

0.044 

Roots of mature straw* 

95 

30.9 

1.11 

0.239 

0.064 

Grain 

95 

40.5 

4.25 

0.567 

0.480 

Hulls unfertilized 

95 

38.1 

1.47 

0.467 

0.078 

Chaff and awns 

95 

29.4 

1.35 

0.383 

0.133 


* Grain heads removed at maturity. 


TABLE 2 


Chemical analysis of soils used in the greenhouse experiment 


SOIL T¥PE 

LAND USE 

DEPTH 

pH 

N 

I 

Total 

»HOSPHC 

Or- 

ganic 

►sus 

C 02 - 

Soluble 

c 

C/N 

RATIO 

CaCOa 

Pima clay loam 

McClellan clay loam ... 

McClellan clay loam 

Mohave clay loam 

Mohave clay loam 

Verde fine sandy loam 

Virgin 

Virgin 

Cultivated 

Cultivated 

Cultivated 

Cultivated 

in. 

0-6 

0-6 

0-6 

0-6 

6-12 

0-6 

8.1 

8.1 

8.0 

8.2 

8.2 

8.0 

per 

cent 

0.228 

0.090 

0.058 

0.053 

0.029 

0.087 

ppm. 

1580 

995 

390 

515 

495 

1020 

ppm. 

760 

279 

85 

108 

89 

130 

ppm. 

13.00 

1.44 

0.70 

1.24 

0.82 

0.80 

per ' 
cent 

2.50 

0.74 

0.46 

0.45 

0.26 

0.75 

11.0 

8.2 

8.0 

8.6 

9.0 

8.7 

Per 

cent 

0.2 

6.3 

0.4 

1.5 

1.5 

12.5 


Chemical analysis 

Chemical analyses of the barlej^ materials and soils, shown in tables 1 and 2, 
respectively, were made according to the following methods: 

Pla/nt analysis. Nitrogen was determined by the Kjeldahl method, carbon by dry conibus- 
tion, and phosphorus by the molybdivanado-phosphoric acid method (5). Organic phos- 
phorus was determined by the method of Pons and Guthrie (8) slightly modified. Refrig- 
erated trichloracetic acid was used to keep the temperature below 10° C. during the phos- 
phorus extraction. 
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iSoife. Nitrogen was determined by the Kjeldahl method, carbon by wet oxidation (1), 
total phosphorus by the standard NaCOa fusion followed by the colorimetric procedure of 
Dickman and Bray (3), and organic phosphorus by Pearson^s (7) method. 

Measurement of PSl and PS2. The method of MacKenzie and Dean (6) was used. 

Greenhouse pot experiment 

Half-gallon glazed pots, each containing 1 kgm. of soil, were set up in the 
greenhouse and treated in triplicate with plant material and liquid phosphoric 
acid at the rate of 46 pounds P 2 O 5 per acre. This amounted to 3.48 tons young 
hay, 2.84 tons medium mature hay, 4.44 tons mature straw, 6.29 tons medium 
mature roots, 5.94 tons mature roots, 1.76 tons grain flour, 2.14 tons hulls, and 
2.61 tons chaff per acre- 6 -ineh layer. All treatments were made in a layer 3 
inches below the surface. The barley hay and straw materials were chopped into 
pieces 3 '^ inch long before application. Radioactive liquid H3PO4 was prepared 
by adding radioactive KH2PO4 to a known amount of H3PO4 to give a specific 
activity similar to that of the phosphorus of barley straw. 

After incubation for 7 days in a damp condition, the pots were seeded to 
perennial rye grass. Cuttings were made 6 weeks after planting. Further cuttings 
were made at intervals of 4 weeks. 


RESULTS 

Phosphor us uptake as f unction of source of material 

That stage of maturity was an important factor influencing the utilization of 
phosphorus of barley straw by rye gTass is shown clearly in table 3. The differ- 
ence in utilization between the ymung and the medium mature barley hay 
appeared to be less than that between the medium mature hay and the mature 
straw. It was at first speculated that differences in utilization reflected differ- 
ences in the nature of the phosphorus compounds in the straws. Analysis of the 
straws according to the Pons and Guthrie method, however, showed that the 
ratio of organic to inorganic phosphorus was not greatly influenced by stage of 
maturity. Percentages of inorganic phosphorus, for example, were found to be 
76.7, 79.5, and 82.2 for the young hay, medium mature hay, and mature straw, 
respectively. The difference between these figures and 100 is considered to be 
percentage of organic phosphorus. 

In general, utilization of the phosphorus of the barley roots by the rye grass 
was less than that of the corresponding straw. The order of decreasing uptake 
of phosphorus from the different parts of mature hBxley was found to be chaff 
and awns, hulls, straw, flour = roots. Percentages of inorganic phosphorus for 
these materials in the same order are 65.3, 83.4, 82.2, 15.3, and 73 , 2 * 

The phosphorus of the liquid phosphoric acid added to the soils, on a phos- 
phorus basis equivalent to the plant materials, appeared to be no more available 
to rye grass than did that of the young barley hay, medium hay, chaff and awns, 
and hulls. 
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TABLE 3 

Yield y phosphorus content of rye grass, and percentage phosphorus in rye grass derived from 
various barley materials and liquid H^POi in six . 


i 

DRY WEIGHT PER POT 

P IN GRASS 

P IN GRASS PROM 
TREATMENT 

TREATMENT 

Cut- 
ting 1 

Cut- ^ 
ting 2 

Cut- 
ting 3 

Cut- 
ting 1 

Cut- ' 
ting 2 

Cut- 
ting 3 

Cut- 
ting 1 

Cut- 
ting 2 

Cut- 
ting 3 


gm. 

gm. 

gm. 

% 

% 1 

% 

% 

% 

% 


McClellan clay loam (virgin) 


Young hay 

7.20 1 

3.24i 

3.95i 

0.138 

0.138 

0.140 

36.1 

36.1 

36.2 

Medium hay 

2.90 

2.28 

3.68: 

0.260 

0.218 

0.130 

33.6 

33.0 

31.7 

Mature straw 

2.37 

2.05 

0.276 

0.220 

25.4 

26.9 


Hoots of medium hay 

1,84 

1.44 

3.58 

0.270 

0.251 

0.151 

23.4 

25.9 

25.3 

Roots of mature straw 

1.66 

1.04 

0.169 

0.265 

25.9 

25.1 

Grain flour 

2.44 

2.13 

1.87 

0.293 

0.228 

0.193 

23.1 

23.6 

23.4 

Hulls 

2.82 

1.73 

0.278 

0.292 

37.5 

37.8 

Chaff and awns 

3.35 

1.79 


0.245 

0.310 


40.2 

40.5 


Liquid H3PO4 

2.48 

1.44 

3.34 

0.323 

0.200 

0.126 

38.4 

35.0 

30.3 

None. . 

2.36 

1.40 

2.58 

0.188 

0.182 

1 0.135 






McClellan clay loam (cultivated) 


Young hay 

3.43 

2.89 

3.91 

0.133 

0.125 

0.112 

54.1 

54.1 

54.9 

Medium hay 

1.82 

1.46 

3.82 

0.249 

0.239 

0.104 

48.3 

49.3 

42.8 

Mature straw 

2.12 

1.77 

0.205 

0.189 

41.6 

40.1 

Roots of medium hay 

1.26 

1.00 

3.02 

0.266 

0.240 

0.088 

35.5 

29.1 

36.6 

Roots of mature straw 

0.74 

1.10 

0.329 

0.184 

33.5 

24.3 

Grain flour 

2.94 

2.80 


0.124 

0.136 


29.6 

31.9 


Hulls 

1.97 

1.48 


0.257 

0.227 


41.9 

48.9 


Chaff and Awns 

2.12 

1.15 


0.204 

0.254 


53.8 

68.4 


Liquid H3PO4 

1.12 

0.90 

3.20 

0.320 

0.228 

0.119 

49.2 

54.8 

51.0 

None 

1.24 

0.86 

1.14 

0.098 

0.086 

0.061 





Pima clay loam (virgin) 

Young hay 

ill. 46 

9.21 


1 0.281 

0.261 


16.1 

16.3 


Mature straw 

6.82 

6.64 


i 0.253 

0.219 


10.7 

14.7 


Roots of mature straw 

6.40 

6.32 


0.209 

0.181 


5.6 

10.7 


Grain flour 

8.26 

6.20 


0.229 

0.215 


6.0 

6.8 


Hulls... 

8.36 

4.84 


0.338 

0.264 


16.3 

16.4 


Chaff and awns 

8.68 

4.49 


0.270 

0.266 


24.2 

20.0 


Liquid H3PO4 

8.02 

5.80 


0.334 

0.246 


20.5 

15.0 


None. . 

7.32 

5.92 


0.298 

0.201 




Verde fine sandy loam (cultivated) 


Mature straw . . . 

Hulls 

Chaff and awns. 
Liquid H3PO4. ■ • 
None. . 


2.92 

2.04 


0.118 

0.106 


29.3 

29.8 

2.34 

1.62 


0.157 

0.235 


48.8 

36.8 

2.18 

1.24 


0.178 

0.286 


54.1 

38.4 

. 2.32 

1.38 


0.166 

0.226 


36.5 

28.2 

. 1.68 

1.34 


0.083 

0.108 
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TABLE 3 — Continued 



DRV weight ter POT 

j P IN GRASS 

P IN grass ESOM 
TREATMENT 

TREATMENT 

Cut- 
ting 1 

Cut- 1 Cut- 
ting 2 ting 3 

Cut- 
ting 1 

Cut- i 
ting 2 

Cut- 
ting 3 

Cut- 
ting 1 

Cut- 
ting 2 

Cut- 
ting 3 


gm. 

gm, gm. 

% 

% 

% 

■ % 

% 

% 


Mohave clay loam, (cultivated), 0-6 inches 


Mature straw 

2.68 

1.46 

0.231 

0.177 


20.6 

17.5 

. 

Hulls 

2.90 

1.481 

0.225 

0.242 


35.9 

27.9 


Chaff and awns 

2.78 

1.621 

0.222 

0.257 


37.9 

31.3 


Liquid HsF 04 

2.70 

i i.isl 

0.227 

0.251 


30.9 

23. 9| 


None 

2.08 

1 1 . 22 ! 

1 0.129! 

i I 

0.151 






1 



Mohave (cultivated), 6-12 inches 


Mature straw 

2.72 

0.88 


0,209 

0.278 


21.0 

21.2 

Hulls 

1.86 

0.98 


0.237 

0.361 


37.8 

30.7 

Chaff and awns 

1.72 

0.68 


0.211 

0.382 


44.1 

35.0 

Liquid H 3 PO 4 

2.16 

0.84 


0,241 

0.345 


30.0 

25.3 

None 

1.96 

0.68 


0.102 

0.111 

j 


Phosphorus utilization in different soils 

The percentage of phosphorus in the rye grass taken from the plant materials 
and liquid phosphoric acid was greatest from those soils least well supplied 
with C02“Soluble phosphorus. Pima clay loam was the only soil unquestionably 
not deficient in ' 'available” phosphorus according to the C02“method. Utiliza- 
tion of added phosphorus sources was decidedly less in this than in the other 
soils. The virgin McClellan clay loam was better supplied vdth C02-soluble 
phosphorus than the same soil under cultivation. Data in table 3 reflect this 
difference in fertility level, for the grass on the cultivated soil utilized the added 
phosphorus more extensively than did that grown on the virgin soil. The grass 
on the other phosphorus-"poor” soils also took a larger proportion of its phos- 
phorus from the added residues than did that on the virgin soils. There was 
little difference in uptake between the 0“6 and 6~12-inch layers of Mohave clay 
loam. This was to be expected, since the layers differed little in their chemical 
and physical characteristics. 

Yields and percentage phosphorus in grass 

The nature of the plant residue incorporated into the soil influenced the yield 
of grass grown on the soil as well as the percentage total phosphorus found in the 
grass (table 3). Soils treated with young barley hay, for example, produced much 
more grass than did those treated with the other residues. Moreover, the percent- 
age phosphorus in this grass, more often than not, was lower than that harvested 
from soils treated with mature barley materials. Barley roots from two sources, 
on the other hand, depressed grass yields in man}?' instances below that of soil 
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alone, though the percentage phosphorus of the grass was higher than that of the 
untreated soils. The grass from the six soils treated with the liquid H3PO4 had 
a higher mean phosphorus content than did that of all the other treatments at 
the time of the first cutting. This was not the case for the grass of the second 
and third cuttings. Grass yields were only slightly improved by application of 
liquid H3PO4 over those of soil alone. 

Because of low yields and indications of nitrogen deficiency both the virgin and 
cultivated McClellan soils treated with medium mature hay, roots, and liquid 
H3PO4 were given applications of urea equivalent to 100 pounds of N per acre 
after the second cutting of rye grass. The data in table 3 show that the third- 
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Fig. 1. Total Phosphorus Uptake prom Different Parts of Mature Bablet Plants 
BY Rye Grass in Tol Soils as Compared with the Uptake from Liquid H3PO4 

cutting r3^e grass yields were markedly increased by the nitrogen application, 
though the phosphorus, on a percentage dry weight basis, was only slightly 
lower than in previous cuttings. Calculations of total phosphorus show that 
nitrogen increased absolute uptake over that of the first and second cuttings. 
The proportion of phosphorus taken from the soil and the added sources, however, 
remained the same (see table 3). 

Toi^al uptake of phosphorus 

Figure 1 shows the influence of the various parts of mature baiie}^ plants added 
to two soils on the total uptake of phosphorus by rye grass during the second 
cutting period. These data were selected for plotting because they represent, on 
the one hand, uptake of phosphorus in a soil of high phosphorus fertility level 
(Pima clay loam) and, on the other hand, uptake from a phosphorus-^ 'poor’’ 


TREATMENTS 

1 . NO TREATMENT 

2. H 3 PO 4 

3. STRAW 

4. ROOTS 
SrGRAiN 
6.-HULLS 
7-CHAFF 

(ADDED AT RATE OF 46 LB- 

P2O5/A.) 

P P FROM SOIL 
JjpFROM TREATMENT 



12 3 4 567 123 45 6 7 




TABLE 4 


Phosphorus absorbed per pot by rye grass from soil and from, various barley materials 


TREATMENT 

SOIL* 

i 

! TOT.AL 

; PHOSPHORUS 

1 ABSORBED 

j 

: ABSORBED 

’ PHOSPHORITS 

1 DERIVED PROM 

1 TREATMENT t 

i 

i ABSORBED 
PHOSPHORUS 
PROM SOIL 

Young hay 

McClellan (v) 

mgm. 

14.41 

1 mgm. 

5.20 

mgm. 

9.21 


xMcClelian (c) 

8.17 

4.42 

3.75 


Pima (v) 

56.24 

9.10 

47.14 

Medium hay 

McClellan (v) 

12.51 

4.10 

8.41 


McClellan (c) 

8.20 

3.92 

4.10 

Mature straw 

McClellan (v) 

11.05 

2.87 

8.18 


McClellan (c) 

7.69 

3.15 

4.54 


Pima (v) 

31.80 

3.99 

27.81 


Verde (c) 

5.61 

1.65 

3,96 


Mohave (c) 0-6 inches 

S.7S 

1.73 

7.05 


Mohave (c) 6-12 inches 

8.13 

1.71 

6.42 

Roots of medium hay 

McClellan (v) 

8.56 

2.10 

6.46 


McClellan (c) 

5.75 

1.89 

3.86 

Roots of mature straw 

McClellan (v) 

5.56 

1.42 

4.14 


McClellan (c) 

4.46 

1.31 

3.15 


Pima (v) 

24.82 

1.97 

22.85 

Grain hour 

McClellan (v) 

12.01 

0 

00 

ci 

9.21 


McClellan (c) 

7.45 

1.97 

5.48 


Pima (v) 

32.25 

2.04 

30.21 

Hulls 

McClellan (v) 

12.89 

4.85 

8.04 


McClellan (c) 

8.42 

3.76 

4.66 


; Pima (v) 

41.03 

7.97 

33.06 


Verde (c) 

7.48 

3.39 

4.09 


Mohave (c) 0-6 inches 

10.11 

3.34 

1 6.77 


Mohave (c) 6-12 inches 

7.95 

2.59 

5.36 

Chajff and awns 

McClellan (v) 

13.76 

5.55 

8.21 


McClellan (c) 

7.25 

4.33 

2.92 


Pima (v) 

35.38 

8.06 

27.32 


Verde (c) 

7.43 

3.46 

3.97 


Mohave (c) 0-6 inches 

10.34 

3.64 

6.70 


Mohave (c) 6-12 inches 

6.23 

2.51 

3.72 

Liquid H 3 PO 4 

McClellan (v) 

10.89 

4.09 

6.80 


McClellan (c) 

5.64 

2.81 

2.83 


Pima (v) 

41.05 

7.63 

33.42 


Verde (c) 

6.97 

3.29 

3.68 


Mohave (c) 0-6 inches j 

9.09 

2.60 

6.49 


Mohave (c) 6-12 inches j 

8.10 

2.29 

5.81 


* V = virgin ; c — cultivated. 

t Application of 9.9 mgm. phoepliorus per pot either as plant material or liquid phos- 
phoric acid fertilizer. Two cuttings only are shown in this table. 
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soil (McClellan clay loam). The figure distinguishes the amount of phosphorus 
derived from the soil from that derived from the barley materials. In the poorer 
McClellan soil, the total uptake was slightly greater under the straw treatment 
than under the H3PO4 treatment. Most of this increase was made at the expense 
of soil phosphorus. 

In all but one instance, the total uptake from treatments was greatest in the 
soil highest in available phosphorus and general fertility, according to data in 
table 4. Except for the barley roots and grain, the data on total uptake indicate 
that the barley plant materials supplied the rye grass with at least as much 
available phosphorus as did the liquid H 3 PO 4 (see table 4). A greater amount 
of phosphorus was derived from the McClellan soil when plant residues were 



13 (23 (23 

PIMAC.I. McClellan e.l. WcCLELLANal. 
(VIROiN} (vmaiN) (CULTIVATED) 


13 12 3 12 3 

PiMAe.t. McCLELLANc.l. McCLELLANc.t. 
(VIRGIN) (VIRGIN) (CULTIVATED) 


Fig. 2. Total Phosphorus Uptake from Barley Hay and Straw by the First and 
Second Cuttings of Rye Grass in Three Different Soils 


present than when inorganic phosphorus as H3PO4 was present. On the other 
hand, figure 1 shows that in Pima clay loam, a soil high in organic matter, the 
grass receiving barley residue contained more soil phosphorus in two cases and 
less soil phosphorus in three cases than did plants receiving H3PO4. 

Influence of nitrogen applications on yield and total phosphorus uptake 

Nitrogen may have had some influence on the yield and hence on the total 
phosphorus taken from all sources. The nitrogen percentages of the plant ma- 
terials in order of decreasing values are: barley grain, straw, hulls, chaff and awns, 
and roots. Total phosphorus taken up by the rye grass decreased in this same 
order in the McClellan soil and except for the straw treatment, the order was 
the same in Pima clay loam. 

The virgin Pima and McClellan and cultivated McClellan soils differ in total 
amount of phosphorus taken up by the grass. The soils having a greater quantity 
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of available phosphorus and total nitrogen yielded a greater total amount of 
phosphorus to the rye grass per unit of soil regardess of treatment. Figure 2 
shows that the differences among soils, under the same treatment, are principally 
due to differences in phosphorus taken from the soil 

DISCUSSION 

A high proportion of the phosphorus of the barley plant materials, except 
grain, was found to be in the inorganic form. The extent of utilization of the 
organic and inorganic forms separately by the rye grass is not known. The 
phosphorus absorbed by the rye grass could have come primarily from the 
inorganic source, since seldom did the total uptake of the phosphorus from the 
plant residues exceed the amount added as the inorganic form. The young barley 
hay and medium mature straw were utilized to at least as great an extent as was 
liquid H3PO4 whereas the mature straw, found to have nearl}^ as much inorganic 
phosphorus as did the younger straws, was clearly utilized to a lesser extent than 
was H3PO4. This would indicate that some factor other than quantity of in- 
organic phosphorus as determined by the Pons and Guthrie (8) method in- 
fluences the utilization. It may be speculated that changes in the nature of the 
major plant constituents of the barley materials at different stages of maturity 
influence the uptake of phosphorus from the tissues either indhectly by the 
effect on microbial activity in mineralization or directly by physically inter- 
fering with accessibility of the phosphorus for plant root absorption. The data 
indicate, nevertheless, that the inorganic phosphorus of different plant residues, 
when placed in a soil, is not equally available to a crop such as grass. 

Analyses show that the phosphorus of barley grain flour is almost wholly 
organic. Only 15 per cent inorganic phosphorus could be extracted with cold 
trichloracetic acid. Despite the high organic phosphorus content, the percentage 
utilization of the flour phosphorus was nearly as great as that of mature barley 
straw, found to have an inorganic phosphorus content of 82 per cent. The prin- 
cipal organic phosphorus constituent of flour is ph3rtin. The ready availability 
of the grain phosphorus is surprising in view of the very high organic phosphorus 
content of the grain and the reports (2, 10) that organic phosphorus is fixed in 
soils in the form of phytates. 

A total of 9.98 mgm. of phosphorus was added per pot as barley grain flour. 
Of this amount, 3.64 mgm. was taken up by three cuttings of rye grass growing 
on the virgin McClellan clay loam. Since the phosphorus of the grain is 15 per 
cent inorganic, only 1.50 mgm. of the phosphorus added could be inorganic. 
Thus 2.14 mgm. organic phosphorus must have been utilized by the grass if all 
the inorganic phosphorus were considered to have been used. 

Except for the liquid H3PO4 treatment, the percentage of phosphorus (P) in 
the grass derived from the various barley straw sources was about the same the 
second cutting as the first. Utilization of the phosphorus of liquid H3PO4 was 
clearly less than that of the straw sources in four of six soils for the second cutting 
of grass. Moreover, the total phosphorus uptake by rye grass during the second 
period fell off markedly from that of the first in H3PO4 treatment in contrast to 
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that of all barley treatments. These findings would imply that liquid H3PO4 
becomes less available vdth time and is more susceptible to being fixed in calcar- 
eous Arizona soils than is phosphorus of crop residues. 

Another rather interesting feature of the investigation is the influence of 
nitrogen on uptake. The treatment of the McClellan soils, having previously 
received barley materials and liquid H3PO4, with 100 pounds of nitrogen per acre 
decidedly increased rye grass yield and total phosphorus uptake from all sources 
but did not change the proportion of phosphorus in the plant derived from the 
different sour(*es over that of the early cuttings. 

SUMMARY 

l^arley materials of three different stages of maturity and from different parts 
of the plant were added to six different soils in the greenhouse at rates equivalent 
to 4G pounds of P2O5 per acre, and the utilization by rye grass was compared 
with that of liciuid H3PO4* 

The availability of the phosphorus of the barley residues to rye grass appeared 
to be inversely related to the stage of maturity. Young and medium mature 
barley hay appeared to supply phosphorus to rye grass to about the same 
extent as did liquid H3PO4. The latter, however, appeared to be more available 
to rye grass than was mature barley straw and roots. 

Utilization of phosphorus from various parts of the barley plant incorporated 
in calcareous soils was not the same. 

The proportion of inorganic to organic phosphorus found in the various barley 
plant parts appeared to have little influence on the utilization of the plant 
phosphorus by rye grass. 
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The soils of the Union of South Africa and surrounding territories have been 
comprehensively described ( 5 ) on the basis of data collected during a reconnais- 
sance soil survey of the subcontinent. The soils were classified into groups and 
subgroups according to their characteristic morphology as influenced by parent 
material, climate, vegetation, topography/and other soil-forming factors. In 
collecting the soil data, particular attention was paid to soils developed under 
normal soil-formative influences. 

A soil is composed of particles varying in size from that of coarse sand to that 
of clay with an admixture of gravel and stones in many instances. The coarser 
material forms a relatively inert framework of unweathered minerals and rock 
fragments. The case is C|uite otherwise with the clay or colloid fraction (<2 p), 
since this fraction consists mainly of products of chemical weathering of silicates 
to clay minerals, which, together with organic matter, constitute the so-called 
humus-cla^^ complex. This fraction normally reflects the chemical changes that 
have taken place during soil formation. In addition, it is responsible for many 
characteristic physical properties such as retention of moisture, expansion on 
wetting, shrinkage on drying, plasticity, and cohesion. Joffe ( 3 ) states correctly: 
‘There is hardly a chemical, phj^'sical, and morphological property of the soil 
body that is not influenced by these minerals. One may venture to state that there 
is not a problem of soil science that is not in one way or another associated with 
the reactions exhibited by clay minerals/^ 

Obviously, much is to be gained from a knowledge of the mineralogical con- 
stitution of soil colloids and from comparison of coUoids from soils of different 
groups. In the study of soil groups and subgroups of South Africa, soil samples 
from representative profiles were subjected to mechanical and chemical analyses, 
and, in selected cases, base-exchange and IS- values were determined. In addition, 
soil colloids were analyzed and their derived molar ratios, Si02-Al203, Si02-Fe20;i, 
and Si 02 “R 203 , determined. Use of such ratios is well established, but in their 
interpretation there is divergence of opinion. Thus, some writers consider that 
the ratio of most significance is Si02-R203, while others are of the opinion that 
Si02"Al203 ratios supply more information with regard to clay mineral con- 
stituents of the tropical and subtropical soils. Fe203 in certain tropical and sub- 
tropical soils is considered as adventitious material and the combined silica 
occurs mainly as aluminum silicates; even when both are present in a clay 

r The senior author is chief of the Division of Chemical Services of the Department of 
Agriculture; the Junior author is with the National Chemical Research Laboratory of the 
South African Council- The authors’ thanks are due to P. C. Carman of the National Chemi- 
cal Research Laboratory for his assistance and constructive criticism. 
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mineral such as a montmorillonite, their respective functions differ widely. In 
fact, all that can be said with any certainty is that, if kaolinite is the only clay 
mineral present and all silica is combined, the Si02-Al203 ratio gives a good idea 
of the possibility of decomposition of the clay minerals of the kaolin group to 
free alumina. When the ratio is less than 2.0, as in colloids of lateritic soils , it 
is fairly safe to postulate that the main minerals present are those of the kaolin 
group, gibbsite, and iron oxide. 

At the time of the study it was realized that direct identification of minerals 
in soil colloids by such methods as differential thermal analysis and x-ray diffrac- 
tion was most desirable, but the necessary equipment was not available. The ob- 
ject of the present series of papers is to report the application of such methods 
to clay fractions of the samples used for the original monograph. 

This first paper covers laterites and related soils, classified in the monograph 
as (i) laterites, (ii) lateritic red earths, (in) lateritic yellow earths, (iv) gray 
ferruginous lateritic soils, (v) brown to reddish brown ferruginous lateritic soils. 
Of these, the first three and the last two fall into quite distinct groups. As sum- 
marized by Robinson (7), a great deal of controversy is centered round the defi- 
nition of a ‘daterite.^^ The soils in the first three classes have free internal drainage 
and are free from concretions, and kaolinite is partly decomposed to free alumina 
as shown by Si02'Al203 ratios of less than 2.0. By some writers, these are regarded 
as truly lateritic, but Robinson suggests the term “ferrallitic.’’ The soils in the 
latter two classes have developed under lower rainfalls and are less completely 
leached. Internal drainage has been indifferent, giving rise to temporary water- 
logged conditions and extensive formation of ferruginous concretions. According 
to Pendleton (6) and also to Robinson, this is the group to which the term 
“lateritic’^ should be applied. To a great extent, the two uses of the term are 
mutually exclusive. Since no finality with regard to the use of the term has been 
reached and since a revision of classification is not the purpose of this paper, 
the present writers would prefer to confine themselves to the original group 
designations of the monograph. In that publication the term ‘laterite’^ in the first 
three soil groups has been applied more particularly to the weathered rock product 
formed by the leaching of rocks, whereby the bases and much of the silica 
are removed, leaving a residue containing alumina uncombined with silica (2). 

As readers of these articles may not have ready access to the original mono- 
graph, a brief recapitulation of morphological features is given for each sample, 
together with such analytical data as are relevant to the present discussion. 

TECHNIQUES AND INTERPRETATION OP DATA 
Differential thermal analysis 

The differential thermal apparatus used for this investigation is described in 
detail in another paper (1). 

X-ray diffraction investigation 

X-ray patterns were obtained with a Norelco Geiger-counter x-ray spectrom- 
eter, type 12021, with CoKa radiation (X = 1.7902 a.u.), and an automati- 
cally recording Brown Electronik strip-chart potentiometer. 
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The x-ray diffraction patterns for kaolinite and halloysite are well contrasted, 
but soil colloids may give intermediate diagrams. The distinction between the 
two, if made at all, is based on the fact that the basal spacing is 7.14A. for 
kaolinite and 7.4 for halloysite, and that kaolinite diffraction lines at 2.3 and 
2.5A,, which are themselves sometimes resolved into doublets, may appear as 
one broad band in halloysite. 

On the whole, identification of kaolinite, which was the clay mineral in nearly 
all the present soils, and of gibbsite gave no trouble. Kaolinite normally occurs 
in a well-crystallized state and gives both a well-defined differential thermogram 
and a large number of characteristic peaks on an x-ray powder diagram. The 
same is true for gibbsite. Differential thermograms of gibbsite show a distinctive 
endothermal peak at 330°-350°C. Even when a large exothermal “hump’^ ap- 
peared in this range, a little gibbvsite produced a sharp depression. 

Identification of iron oxides, however, was most unsatisfactory. As hematite 
gives no effect on a differential thermogram, reliance had to be placed upon 
x-rays. This w^as also the case with the hydrates goethite and lepidocrocite, since 
these give endothermal peaks in the same region as gibbsite and hence tend to 
be masked by it. Iron oxides in all their forms proved to be much the least crys- 
talline of the constituents of the soil colloids. In such cases, x-ray powder dia- 
grams are reduced to a few very broad peaks of relatively low intensity. When 
kaolinite and gibbsite are present, most of the few peaks which should still appear 
coincide with much stronger peaks given by there minerals. The net result was, 
for instance, that, with 20 per cent iron oxide in the sample, identification of 
hematite had to rest upon a single peak in a position which could not be confused 
with other constituents. Sometimes such a peak was of such low intensity that its 
reality was doubtful, and the sample was treated with strong HCl and run again. 
If the peak disappeared, it was considered to be real and to be due to iron oxide. 
Identification of goethite and lepidocrocite was more difficult, and, though re- 
ported as goethite, no evidence was obtained in any case as to which of these 
two forms was present. If kaolinite and hematite were present, no definite identi- 
fication of hydrous iron oxides could be made, so that the possibility of their 
presence cannot be excluded in any case. The problem of the form of iron oxide 
is a very interesting one, and more work upon it is under way. 

RESULTS 

The lateritic earths 

Nearly all the soil colloids analyzed in the original monograph were examined. 
As the results were largely repetitive, only profiles of special significance were 
selected for discussion. All profiles that were omitted gave results in complete 
accord with those selected. Similarly, a record of all samples from a profile has 
not been considered necessary where the samples omitted merely duplicated 
results. An omission which should be recorded is that surface samples, which 
almost invariably gave poor differential thermograms due to rather large amounts 
of organic matter and, in some cases, to presence of fertilizers, were not included. 

This soil group, derived from dolomite, has good surface drainage 
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and has developed under high summer rainfall and temperatures and fairly dry 
and mild winters. 

The well-developed residual soil is deep and has as 

(а) surface soil — brown to yellowish brown, soft, crumbly clay, containing about 6 per 
cent organic material and 9-12 inches thick; 

(б) subsoil — reddish brown, slightly granular to crumbly clay, 12 inches thick; 

(c) substratum— dull reddish brown to brownish red, crumbly clay, many feet thick. 

The clay content (< 2 fjt) of the various horizons of the profiles varies from 
53 to 69 per cent, and the soil colloid consists almost entirely of silica, alumina, 
iron oxide, and titania. The soil contains no mottled or gray zones and no hard 
crust of iron oxides and alumina on the surface or embedded anywhere in the 
profiles. 

TABLE 1 


Analytical and derived data for laterites 



DEPTH 

CLAY 

FRAC- 

TION 

ANALYSIS OF OVEN-DRIED COLLOID 

1 FRACTION 

BASE 

EXCHANGE 
(^'-V.'U.UES) 
PER 100 GM. 
DRY SOIL 


SiOa 

FeaOs 

AljjOa 

SiOa 

RjOs 

Si02 

A 120 H 


in. 

% 

% 

% 

% 



me. 

Sabie I: dolomite; rainfall 48 






1 



inches a year 

A 8514 

24-48 

68.7 

25.06 

28.92 

41.73 

0.70 

1.01 


Sabie II 









A 8487 

36-48 

60.6 

13.54 

32.16 

50.67 

0.32 

0.45 

1.0 


Profiles of two localities were sampled. As no marked differences with depth 
were observed, only one sample from each locality is reported here. Analytical 
data are given in table 1. The low Si 02 -Al 203 ratios indicate that weathering has 
passed beyond formation of clay minerals and has decomposed these extensively 
to free alumina. This process, accompanied by leaching of silica and of easily 
soluble material, is regarded by one group of pedologists as characteristic of 
laterization. In accordance with the system of Martin and Do}me (4), the 
Sabie profiles are grouped as laterites because the Si 02 “Al 203 ratio lies consider- 
ably below 1.33. The negligible base exchange of the soils was in accord with a 
composition consisting mainly of uncombined iron and aluminum oxides. 

The base exchange — S-values— was determined by first leaching the soils 
with N NH 4 CI and distilling the leached soils with caustic soda to determine 
their NH 4 -absorbed or /S-values. 

The present w'ork has supported these deductions. Differential thermograms 
in figure 1 show a pronounced endothermal peak at about 350° for gibbsite, 
together with peaks for kaolinite. The relatively lower proportion of gibbsite 
in A 8514 is in accord with the higher silica percentage in table 1. It may be noted 
that silica percentages in samples at high levels of the Sabie I profile were con- 
siderably smaller. 
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X-ray diffraction confirmed the presence of gibbsite and kaoliiiite and also 
showed hematite. These were the only minerals that could be identified. 

Lateritic red ear ihs. These soils ^ developed under high summer rainfall and 
temperatures and relatively dry and moderately mild winters, are derived from 
sandstones, shales, conglomerates, acid and basic igneous and intermediate 
rocks with good surface drainage. The well-developed residual soils are deep 
and possess similar physical and chemical composition and morphological char- 
acteristics despite the diverse parent material. i 



Fig. 1. Diffeeential Theemal Cueves of Lateeites— Sabib I and Sabie II 

I The mature soils with good internal drainage have as 

(a) surface soil — dark brown, crumbly to granular clay, 10 inches thick; 
i (b) subsoil and substratum — brownish red, crumbly clay, varying in thickness from 2 

; to more than 9 feet with no change in color, texture, and structure ; 

I (c) substratum — underlying the above, a yellowish brown, crumbly clay loam to loam 

of unknown thickness. 

y- 

i The lateritic red earths possess good water-absorbing and retaining capacities, 

j are well leached of all soluble constituents, contain 0.20 per cent total nitrogen, 

I and have approximately 4 per cent organic matter in the surface soil. 

I The ultimate analysis of the colloids indicates that silica, iron oxide, and alu- 

mina form the main constituents. No concretionary material consisting of iron 
oxide and alumina is accumulated anywhere in the profile. 

The samples in table 2 were selected to illustrate profiles of soils derived from 
a number of parent materials under different ranges of rainfall intensity. In the 
[ table are included percentages of clay fraction in total soil, base exchange 

(S-values) of total soil, Si02 and R2O3 percentages in the oven-dried colloid 
fraction, and derived molar ratios. The Si02-Al203 ratios for the colloid fractions 
of these soils were uniformly low, indicating their lateritic character. In con- 

r 
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formity with this, base exchange is low, though higher than for the laterites 
in table 1. 

Differential thermograms are shown in figures 2, 3, and 4. Since a measure of 
laterization is breakdown of kaolinite to free alumina, the profiles in these 

TABLE 2 


Analytical and derived data for lateritic red earths 



i 


ANALYSIS OF OVTEN-DRIED COLLOID 

BASE EX- 

PROFILE AN1> SAMPLE NO. 

1 

DEPTH 

CLAY 

FRAC- 



FRACTION 


CHANGE 
(5-VAL- 
UES) PEE 
100 GM. 
DRY SOIL 



TION 

SiOa 

FeaOs 

AhOs 

SiOa 

R203 

SiOa 

AI2O3 


in. 

% 

% 

% 

% 



me. 

Krugersdorp; diabase; rainfall 









27 inches a year 

A 9037 

6-22 

59.1 

42.81 

19.97 

32.52 

1.60 

2.22 


A 9039 

60-84 

42.1 

45.63 

20.88 

28.54 

1.84 

2.70 

— 

A 9040 

Johannesburg; granite; rainfall 

84-144 

11.8 

47.28 

21.23 

27.39 

1.96 

2.92 

— 

29 inches a year 

B98 

30-60 

35.7 

47.17 

8.11 

42.19 

1.69 

1.89 

3.2 

B99 

Louis Trichardt : sandstone ; 

60-90 

22.3 

47.74 

7.31 

42.08 

1.73 

1.92 

2.8 

rainfall 35 inches a year 

B 26 

0-10 

53.9 1 

36.51 

23.84 

36.06 

1.21 

1.72 

5.2 

B 28 

Wolkberg: Black Reef series*; 

24-48 

66.4 

36.27 

23.11 

37.22 

1.18 

1.65 

4.4 

rainfall 45 inches a year 

A 9443 

48-60 

25.6 

37.76 

18.97 

38.19 

1.27 

1.67 

1.6 

Louwsburg: doierite; rainfall 









32 inches a year 

A 8307 

12-30 

59.6 

32.01 

32.12 

30.93 

1.05 

1.75 

6.6 

A 8309 

Tzaneen: granite; rainfall 38 

30-44 

33.2 

28.55 

35.84 

30.29 

0.90 

1.59 

6.8 

inches a year 

A 8084 

6-10 

47.5 

35.51 

22.22 

36.39 

1.18 

1.65 

6.8 

A 8090 

60-72 

64.6 

34.18 

23.68 

38.29 

1.08 

1.50 

3.6 

A 8094 

Mbabane: granite; rainfall 45 

108-120 

36.3 

31.42 

34.61 

28.81 

1.40 

1.85 

— 

inches a year 

A 8314 

48-84 

57.0 

35.38 

17.71 

42.49 

1.11 

1,41 

3.2 

A 8316 

100-132 

17.9 

44.23 

18.98 

32.64 

1.67 

2.29 

3.4 


* A series of sedimentary rocks consisting of quartzites, sandstones, graywackes, and 
conglomerates. 


figures and also in table 2 are arranged in order of intensity of gibbsite peaks, 
at about 350°C. This conforms closely to the order of Si 02 “Al 203 ratios, which 
are again closely correlated with the rainfall normals, indicating that rainfall 
and temperatures are of more importance to laterization than is the parent 
material. 
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Of the Krugersdorp and Johannesburg profiles, oniy one sample each shows a 
slight indication of gibbsite, notably the sample with the smallest Si02-Al20s 
ratio in each case. As this ratio in all samples is very close to 2 . 0 , corresponding 
to kaolinite, this observation is to be expected. These soils, in fact, lie at the 
borderline of the lateritic group, indicating that rainfall is barely sufficient to 
produce the necessary degree of decomposition and leaching for laterization. 



Fig. 2 Fig. 3 

Fig. 2. Differential Thermal Curves of Lateritic Red Earths—Krugersdorp 

AND Johannesburg 

Fig. 3. Difb’Erential Thermal Curves of Lateritic Red Earths—Louis Trichardt, 

WOLKBERG, AND LOUWSBURG 

With respect to the remaining profiles, it is to be noted that the deepest samples 
from Tzaneen and Mbabane give relatively high Si02“Al203 ratios and cor- 
respondingly small gibbsite peaks. These samples are close to the decomposing 
rock and are therefore less well developed. 

Interpretation of x-ray data is given in table 3 . Although intensities of hematite 
peaks were low for the percentage of iron oxide, they were sufficient for identifi 
cation of this mineral in all of the red earths. In the Johannesburg colloids, the 
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percentage of iron oxide was very low, and hematite peaks were very weak. In 
the lower level for this profile, mica is listed in the “doubtful” column. On the 
whole, differential thermograms gave a more sensitive indication of variations 
in the proportion of gibbsite present. 

From the foregoing examples, it would seem that laterization starts under the 
subtropical conditions prevailing in South Africa w^hen the normal rainfall 
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Fig. 4. Differential Thermal Curves of Lateritic Red Earths — Tzanben 

AND Mbabane 

Fig. 5. Differential Thermal Curves op Lateritic Yellow Earths— 
Bulwer, Taylor's Halt, and Jessie vale 

exceeds about 30 inches a year, provided surface drainage and internal drainage 
are both good. 

The extensive decomposition produced under these conditions more or less 
obliterates the influence of the parent material. It is widely believed that basic 
igneous rocks such as dolerite and diabase laterize more easily at a lower rainfall 
than do acid igenous rocks such as granites. Yet the gibbsite content of soil 
colloids in table 2 is much the same for soils from both acid and basic rocks under 
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similar rainfall. Only the conglomerate of the Black Reef series — ^Wolkberg 
profile— requires a higher rainfall to produce comparable results. 

Lateritic yellow earths. This soil group occurs mainly in west-central Natal 
with outliers in the Gape Province and in Transvaal. The soils have developed 
under high summer rainfall and temperature and relatively dry and fairly cold 
winters. 

The normal soils, whether derived from acid or basic igneous or sedimentary 
rocks, possess closely related morphological characteristics and chemical com- 
position, are generall}’' deep, and have good surface and internal drainage. 


TABLE 3 

X-ray results for lateritic red earths 


PROFILE AND 
SAMPLE NO, 

DEFINITE 

WEAK 

DOUBTFUL 

Krugerdorp 




A 9037 

Kaolinite, hematite 



A 9039 

Kaolinite, hematite 



A 9040 

Kaolinite, hematite 



Johannesburg 




B 98 

Kaolinite 

Hematite 

Gibbsite 

B99 

Kaolinite 

Hematite 

Mica 

Louis Trichardt 




B 26 

Kaolinite, hematite 

Gibbsite 


B 28 

Kaolinite, hematite 

Gibbsite 


Wolkberg 




A 9443 

Kaolinite ’ 

Gibbsite, hematite, 




quartz 


Louwsburg 




A 8307 

* Kaolinite, hematite 

Gibbsite 


A 8309 

Kaolinite, hematite 

Gibbsite 


Tzaneen 




A 8084 

Kaolinite, gibbsite, hematite 



A 8094 

Kaolinite, gibbsite, hematite 



Mbabane 




Mbabane 




A 8314 

Kaolinite, gibbsite, hematite 



A 8316 

Kaolinite, hematite 

Gibbsite 



The well-developed soil has as 

(а) surface soil— dark brown, crumbly to granular clay, containing more than 5 per 
cent of organic material, and 10 inches thick; 

(б) subsoil— yellowish brown, crumbly clay, 16-24 inches thick; 

(c) substratum — reddish brown, crumbly clay, many feet thick. 

These soils have excellent water-absorbing and -retaining capacities. Their 
colloids show a remarkable uniformity of chemical composition; they consist 
almost entirely of silica, alumina, and oxides and hydroxides of iron. There is 
no concretionary material either as hardpan or as loose concretions anywhere in 
thevprofiles. 
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The morphological characteristics, except the color, of the red and yellow 
earths are closely related. This is borne out by analyses of colloid fractions from 
representative profiles in table 4. The Si02'-Al203 ratios indicate an advanced 
stage of laterization. Actually, the Taylor^s Halt profile is an intrazonal red 
earth but occurs in a yellow earth zone. 

The areas of the gibbsite peaks on the differential thermograms in figure 5 
are in full agreement with a degree of laterization between that of laterites 
(fig. 1) and of lateritic red earths (figs. 2, 3, 4). In all these profiles, the deepest 
samples have larger SiOa-AhOs ratios and smaller peaks, due to contiguity to 
the parent rock and a consequent lower degree of maturity. 

TABLE 4 


Analytical and derived data for lateritic yellow earths 


PROFILE AND SAMPLE NO. 


CLAY 

ANALYSIS OF OVEN-DRIED COLLOID 
FRACTION 

BASE 

EXCHANGE 

(5-v.\ldes) 

PER 100 GM. 
DRY SOIL 


TION 

SiO> 

FeaO, 

AI2O3 

SIQ2 

R2O3 

SiOa 

AlaO, 


in. 

% 

% 

% 

% 



me. 

Bulwer : sandstones and shales ; 









rainfall 42 inches a year 

B 1821 

24-38 

57.0 

26.00 

21.19 

47.48 

0.72 

0.93 

4.0 

B 1823 

60-72 

44.0 

34.40 

18.98 

39.56 

1.13 

1.47 

6.0 

Taylor’s Halt: dolerite; rain- 









fall 42 inches a year 

B 1826 

24-43 

74.3 

30.56 

24.33; 

41.22 

0.91 

1.26 

4.6 

B 1828 

62-72 

70.4 

37.89 

21.10 

37.33 

1.21 

1.70 

8.6 

Jessie vale: granite; rainfall 34 









inches a year 

A 8958 

1-4 

40.6 

40.69 

9.11 

48.57 

1.26 

1.41 

4.4 

A 8960 

10-16 

49.1 

40.04 

8.41 

49.22 

1.24 

1.37 

2.6 

A 8963 

50-74 

39.1 

42.12 

9.57 

46.74 

1.35 

1.52 

2.2 


X-ray data are summarized in table 5. The Bulwer profile proves to be of 
particular interest because no evidence of kaolinite is found, but there are weak 
indications of a micaceous mineral. This accords with the differential thermo- 
grams in figure 5, since the rather weak peaks observed in the vicinity of 600°C. 
and 900°C. correspond more nearly to the clay mineral illite than to kaolinite. 
As the Si02:Al203 for a typical illite is much larger than 2.0, a given Si02-Al203 
ratio in this soil colloid corresponds to a considerably more complete decomposi- 
tion of the clay mineral than when kaolinite is the clay mineral present. The rela- 
tive intensities of the gibbsite and illite peaks in figure 5 are in accord with this. 

The Bulwer profile also enabled identification of a hydrous iron oxide, pro- 
visionally listed as goethite. This gave stronger peaks than hematite, which 
could also be identified, and probably accounts for the yellow color. To some 
extent, this identification of goethite must be listed as a fortunate accident, 
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since its presence could not have been proved if a large percentage of kaolinite 
had been present. 

In accord with its red color, the Taylor's Halt profile contained iron oxide as 
hematite. The Jessie vale profile, which had a low percentage of iron oxides, 
gave only doubtful indication of their presence. It seems probable that the 
yellow color, in contrast to the color of red earths, is due to a preponderance 
of ferric oxide in hydrated form, as goethite, over unhydrated hematite, though 
the evidence is not so satisfactory as might be desired, because of difficulties in 
identification of goethite, when kaolinite, gibbsite, and hematite are also present. 

Despite their close relationship, yellow and red earths are classified separately, 
because they are considered to be formed under somewhat different climatic 


TABLE 5 

X -ray results for lateritic yellow earths 


PROFILE AKD 
SAMPLE NO. 

DEFINITE 

WEAK 

DOtrBTFDL 

Bulwer 




B 1821 

Gibbsite 

Goethite, mica 

Hematite 

B 1823 

Gibbsite 

Goethite, mica, hematite 


Taylor’s Halt 




B 1826 

Kaolinite, gibbsite, hematite 


Mica 

B 1828 

Kaolinite, hematite 

Gibbsite, mica 


Jessievale 

: 



A 8958 

Kaolinite, gibbsite 

i 


Iron 

oxide 

A 8960 

Kaolinite, gibbsite | 

! 


Iron 

oxide 

A 8963 

Kaolinite, gibbsite j 


Iron 


1 

! 


oxide 


conditions. Yellow earths appear to correspond to colder winters, the low tem^ 
peratures being adverse to dehydration of hydrous iron oxides to hematite. 
Iron oxide seems also to be more mobile and is more readily leached from the 
soil; for example, the Jessievale colloid, with about 9 per cent Fe20;}, is derived 
from a similar parent rock to that of the Mbabane colloid, mth about 18 per 
cent Fe 203 . 

Ferruginous lateritic soils 

The gray and the brown ferruginous lateritic soils occur in regions adjacent 
to the lateritic earths. They have developed under lower rainfalls, namely, 22 
to 30 inches a year, and therefore leaching has been much less severe and the 
progress of weathering has been very considerably modified. In particular, they 
differ from the lateritic earths in that the character of the soil is greatly influ- 
enced by the parent rock. The term ^'ferruginous" in their name refers to char- 
aeteristic presence of iron oxide concretions. 



I' 
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Gray ferruginous lateritic soils. These soils are always associated with geological 
formations, for example, red and old gi’anites and sandstones, that produce 
light-textured soils under certain rainfall conditions. The surface relief consists 
of a succession of gently undulating ridges with well-defined watercourses. The 
vegetation is that of a typical savanna region, consisting of grasses, evergreen 
and deciduous trees, bushes, and thorns. 

Most of the rain falls during the hot summers; the winters are fairly dry and 
very mild. The surface drainage is good, but the internal drainage is impeded by 
a fairly impervious deflocculated clay horizon relatively near the surface, creating 
temporary internal waterlogging. This latter factor plays an important role in 

TABLE 6 


Analytical and derived data for gray ferruginous lateritic soils 


PROFILE AND SAMPLE NO. 

DEPTH 

CLAY 

FRAC- 

TION 

i ANALYSIS OF OVEN-DRIED COLLOID 

FRACTION 

i 

i ' BASE 
EXCHANGE 
(y-VALUES) 
PER 100 GM, 
DRY SOIL 

Si02 



FeaOs 

AlsOa 

1 Si02 

1 R 2 O 3 

Si02 

A 1203 


in. 

% 

% 

% 

% 



me. 

Letaba Station: granite; rain- 









fall 80 inches a year 









A 8077 

4-12 

17.7 

49.99 

4.64 

40.49 

1.95 

2.09 

3.0 

A 8081 

44-55 

27.0 

46.50 

9.85 

37.82 

1.78 

2.08 

6.0 

Pyramid: sandstone; rainfall 









26 inches a year 









A 6072 

24-32 

7.0 

46.66 

15.16 

32.90 

1.85 

2.40 

f ,1.3 

A 6075 

62-70 

9.2 

52.42 

11.49 

30.38 

2.35 

2.92 

1.1 

Klipkop: granite; rainfall 22 









inches a year 









A 8931 

18-30 

20.5 

44.44 

19.64 

30.91 

1.73 

2.43 

7.6 

A 8933 

36-60 

1 

27.0 

50.18; 

i 

11.57 

33.38 

2.09 

2.55 

10.1 


the formation of these soils and is responsible for their characteristic morpho- 
logical features. 

The normal well-developed soil is of residual origin and has as 

(а) surface soil — gray gravelly sand with coherent structure, overlying light gray, 
friable sandy gravel (quartz grit and few ferruginous concretions); 

(б) subsoil — light brown, mottled black and brown, gravelly (ferruginous concretions) 
clayey sand, resting on a brown ferruginous hardpan, called ^‘oukiip’’; 

(c) substratum — mottled deflocculated clayey material with occasional iron oxide 
concretions embedded in it. 

In this soil group and also in the brown to reddish brown ferruginous lateritic 
soils it is noteworthy that the clay fractions do not contain all the chemical 
reactive colloidal material of the soil, because an appreciable amount of its 
iron content occurs as ferruginous concretions and hardpan which would not 
appear in the colloids. Another point to be noted is the low percentage of the 
clay fraction, in strong contrast to the lateritic earths. 
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Analyses are given in table 6, differential thermograms in figure 6, and x-ray 
results in table 7, Quartz and mica occur in considerable quantities in each of the 
samples. As the only clay mineral shown by the differential thermograms was 
kaolinite, it would seem that '^mica'^ is not illite but is truly mica which has 
remained unchanged in weathering of the parent rocks. In the Klipkop profile, 
the base-exchange capacity of the soil in relation to the percentage of clay is 
rather high, and the micaceous constituent may be illite. 

In contrast to the lateritic earths, Si 02 -Al 203 ratios here give a misleading 
indication of mineralogical constitution, due to presence of silica as quartz and 
mica. Thus, though these ratios were above 2,0 in all cases, most of the samples 
contained some gibbsite, showing that weathering of clay minerals to free alu- 
mina had taken place. 


TABLE 7 


X-ray results for gray ferruginous lateritic soils 


PROFILE AND SAMPLE NO. 

DEFINITE 

WEAK 

DOUBTFUL 

Let aba Station 

A 8077 

A 8081 

Kaolinite, quartz, mica 
Kaolinite, quartz, mica 


Iron oxides 
Iron oxides 

Pyramid 

A 6072 

A 6075 

Kaolinite, quartz, mica 
Kaolinite, quartz, mica 

Hematite 

! Hematite, gibbsite 

Gibbsite 

Gibbsite 

Klipkop 

A 8931 

A 8933 

Kaolinite, quartz, mica 
Kaolinite, quartz, mica 


Gibbsite 

Gibbsite 


Brown to reddish brown ferruginous lateritic soils. These soils occur extensively 
in central Transvaal and northwest Natal. They form the transition region be- 
between the Highveld and Middleveld. The surface relief varies from gently un- 
dulating to hilly. The parent material comprises shales, quartzites, sandstones, 
dolomites, and acid and basic igneous rocks. 

The vegetation is grass in the open and shrubs and grass in the broken country. 
Normal rainfall ranges from 20 to about 30 inches, and the precipitation occurs 
mainly during the summer months. The winters are relatively dry and rather 
cold. 

The morphological features of the well-developed soils of this soil group vary 
considerably, being influenced by the underlying parent material. The following 
profile descriptions give an idea of the variations : 

Soil derived from basic igneous rock 

{a) surface soil — dark reddish brown, crumbly clay, about 8 inches thick; 

(6) subsoil— 'reddish brown, crumbly clay with no color, texture, or structure change 
to a depth of 42 inches. It contains no concretions or hardpan in the profile. 

Soil derived from shale 

(tt) surface soil— brown, crumbly clay loam, containing a fair amount of quartz 
gravel, and 6 inches thick; 
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(6) subsoil— coarse gravel (mainly uncemented iron oxide concretions) and shale 
fragments, 12 inches thick. Underlying this horizon is the comparatively unde- 
composed shale. 

Soils derived from sandstone 

(а) surface soil— dark gray, crumbly sandy loam, 8 inches thick; 

(б) subsoil— yellowish brown, soft, crumbly sandy clay loam, 28 inches thick; 

(c) substratum— dark brown, compact ferruginous hardpan having the interstices 
between concretions filled with clay and sand. 
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Fig. 7' 


Fig. 6. Differential Thermal Curves of Gray Ferruginous Lateritic Soils— Letaba 
Station, Pyramid, and Klipklop 

Fig. 7. Differential Thermal Curves of Brown to Reddish Brown Ferruginous 
Lateritic Soils— Middelwit and Ventbrsdorp 

In these soils the chemical composition and character of the parent materials 
determine the response to weathering under almost identical climatic conditions. 
The peculiarities and composition of the parent materials persist even in the 
characteristics of the well-developed soils. 

In these soils, in spite of their apparent morphological differences, there is an 
underlying similarity in complete absence of carbonate of lime and presence of 
ferruginous (and manganiferous) concretions. In all cases, internal drainage 
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has been impeded by an impervious layer below the solum so that temporary 
waterlogged conditions may occur periodically just above this layer during heavy 
rains. This fluctuating water table produces anaerobic and reducing conditions 
by which the iron and in some instances manganese (Middelwit and Venters- 
dorp) in the soil are reduced to the more soluble forms. The soluble compounds 

TABLES 


Analytical and derived data for brown to reddish brown ferruginous lateritic soils 


PROFILE ANB SAMPLE NO. 

I 

i 

CLAY 

ANALYSIS OF OVEN-DRIED COLLOID 
FRACTION 

BASE 

EXCHANGE 

(6’-valdes) 
PER 100 GM. 
DRY SOIL 


TION 

S502 

Fe208 

AI 2 O 3 

1 SiOa 
j R 2 O 8 

! Si02 

1 AlaOa 


in. 

% 

% 

% 

% 

1 


me. 

Middelwit: dolomite; rainfall 

22 inches a year 









A 8228 

0-6 

26.2 

43.33 

23.11 

24.45 

1.87 

3.00 

18.4 

A 8230 

12-24 

17.7 

39.10 

25.46 

21.84 

1,74 

3.04 

14.3 

A 8232 

36-37 

21.4 

40.06 

22.36 

22.05 

1.87 

3.08 

14.1 

Ventersdorp: dolomite; rainfall 
24 inches a year 









A 8265 

0-6 

11.6 

42.57 

15.92 

33.05 

1.67 

2.18 

4.1 

A 8267 

18-36 

21.4 

42.48 

18.59 

33.84 

1.57 

2.17 

2.0 

A 8269 

54-66 

37.0 

41.44 

17.82 

30.84 

1.66 

2.27 

3.3 

Marikana No. 1: diabase; rain- 
fall 26 inches a year 









A 8679 

0-10 

44.3 

45.58 

13.35 

37.36 

1.68 

2.06 

13.8 

A 8681 

24-38 

51.2 

45.55 

12.90 

38.89 

1.63 j 

1.98 

11.1 

A 8683 

48-61 

37.6 

47.60 

10.99 

39.28 

1.74 

2.05 

16.3 

Ermelo : shales and sandstones ; 
rainfall 33 inches a year 









A 8293 

20-36 

32.3 

39.32 

16.50 

41.97 

1.27 

1.59 

3.4 

A 8294 

36-50 

19.3 

40.70 

16.62 

38.95 

1.38 

1.76 

5.5 

Marikana No. 2: diabase; rain- 
fall 26 inches a year 









A 8686 

0-8 

61.0 

61.42 

11.55 

18.64 

4.02 

5.59 

52.2 

A 8688 

23-36 

60.6 

62.49 

11.99 

18.20 

4.09 

5.82 

56.5 

A 8690 

48-57 

50.7 

62.101 

11.70 

18.54 

4.05 

5.68 

50.2 

A 8692 

63-84 

6.6 

57.8lj 

16.05 

16.24 

3.71 

6.06 

16.8 


produced by a change in moisture conditions in the soil are oxidized by the oxy- 
gen in the soil atmosphere, precipitated, and, on drying, dehydrated and in- 
durated to form concretions and sometimes hardpans. 

In gray ferruginous soils, the temporary waterlogging extends to the surface. 
In the brown soils it occurs in deeper layers, and, therefore, surface and subsoil 
layers are not leached free from iron oxide and remain brown. 

Of the profiles given in table 8, the first four are in the group under discussion, 
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but Marikana No. 2 is an intrazonal soil type, black instead of red and falling 
in the category of glei soils. It occurs only a short distance from the Marikana 
No. 1 profile and is formed from the same basic igneous rock under the same rain- 
fall; but it occupies a shallow depression, and, instead of good surface drainage, 
waterlogging is assisted by the surface runoff from surrounding areas. Internal 
drainage is impeded by the fact that the soil colloid, on wetting, swells and forms 


TABLE 9 

X-ray results for brown to reddish brown ferruginous lateritic soils 


PROFILE AND SAMPLE NO. 

DEFINITE 

WEAK 

DOUBTFUL 

Middelwit 




A 8228 

Mica, kaolinite 


Hematite 

A 8230 

Mica, kaolinite 

Hematite 


A 8232 

Mica, kaolinite 

Hematite 

Montmorriilonite 

Ventersdorp 




A 8265 

Kaolinite, hematite, 
mica, quartz 

Gibbsite 


A 8267 

Kaolinite, hematite, 
mica 

Gibbsite, quartz 


A 8269 

i 

1 

Kaolinite, hematite, 
mica 

Gibbsite, quartz 


Marikana No. 1 




A 8679 

Kaolinite 

Hematite 


A 8681 

Kaolinite 

Hematite, gibbsite 


A 8683 

Kaolinite 


1 Hematite, gibbsite 

Ermelo 




A 8293 

Kaolinite, gibbsite 

Hematite 


A 8294 

Kaolinite, gibbsite 

Hematite 


Marikana No. 2 




A 8686 

Montmorillonite , 
quartz 

Kaolinite 


A 8688 

Montmorillonite , 
quartz 

Kaolinite 


A 8690 

Montmorillonite, 

quartz 

Kaolinite 


A 8692 

Montmorillonite , 
quartz 

Kaolinite 



a compact plastic mass which excludes air. On drying, it cracks badly. Under 
the conditions of its development, it is not leached extensively of soluble con- 
stituents and thus differs sharply from all the lateritic types considered in this 
paper. 

Differential thermograms are given in figures 7, 8, 9, and x-ray data are sum- 
marized in table 9. The profiles are rather individual in character and require 
separate discussion. 
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The Middelwit profile contains a micaceous mineral as the dominant (*on- 
stituent according to x-ray diffraction, and, according to figure 7, this must be 
identified as illite. In the deepest sample, A 8232, indication of a slight amount 
of montmorillonite was given by a small, ill-defined peak at about 14 A. and by 
a change in shape of the main endothermal peak near 650°C. (fig. 7). High base 
exchange for the soil, together with low percentages of the clay fractions, was 



I Fig. 8. Differential Thermal Curves op Brown to Reddish Brown Ferruginous 

Latbritic Soils — Marikana No. 1 

Fig. 9. Differential Thermal Curves of Brown to Reddish Bro^vn Ferruginous 
Latbritic Soils— Ermelo and Marikana No. 2 

in accord with illite or montmorillonite. The nature of the main clay mineral 
explains why distinct evidence of gibbsite is found, despite the high Si 02 “Al 203 
I ratios. 

In the Ventersdorp colloids, mica is much less abundant and is probably 
present as such, since neither differential thermograms nor base exchange affords 
e\ddenee of clay minerals other than kaolinite, which is the predominant mineral. 
Marikana No. 1 shows a large proportion of kaolinite and no micaceous con- 

... . „ , . 

r 
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stituent. In relation to the percentage of the clay fraction, the base exchange 
is somewhat higher than might be expected for kaolinite alone. 

The Ermelo profile is formed under high rainfall conditions and its colloids 
are similar to those of the red earths, that is, low Si02-Al203 ratios, strong evi- 
dence of gibbsite, and low base exchange. 

The main generalization which seems applicable to the foregoing profiles is 
that, as rainfall decreases on surfaces with good drainage, weathering is rather 
to illite than to kaolinite. As it increases, kaolinite tends to decompose to gibbsite, 
and a change to lateritic earths occurs. 

The Marikana No. 2 profile has been formed under conditions of minimum 
leaching of soluble constituents, and it is hardly surprising, therefore, that it 
has little in common with the other profiles. Montmorillonite is the predominant 
mineral, in accord with its high base exchange, its swelling properties, and high 
Si02-Al203 ratio. The cause of the black color is not certain, but much of the 
iron oxide content will be combined in the montmorillonite structure. No iron 
oxides could be identified by x-ray analysis. 

CONCLUSIONS 

Pedologists generally contend that soils should be classified entirely on their 
morphological characteristics. On this basis, the soils under consideration have 
been classified into five groups. Though doubt may be felt about use of ana- 
lytical and mineralogical data for the soil or its colloid fraction in classification, 
it is unquestionably satisfactory to find that such data are in general accord 
with the morphological classification. In nearly every sample of all the groups, 
a detectable amount of free alumina, as gibbsite, has appeared in the soil col- 
loids, showhig a common tendency for weathering to proceed past the stage 
of clay mineral formation. 

In accord with their close morphological relationship, there are no sharp dis- 
tinctions between the colloids of laterites, lateritic yellow, and lateritic red earths. 
When all these are taken together, the most notable feature is a marked depend- 
ence of gibbsite content upon rainfall and very little dependence upon parent 
rock. Their constituents are kaolinite, gibbsite, and iron oxides only. A differ- 
entiation might be possible according to the form of the iron oxide, for example, 
hematite in red earths, goethite in yellow earths, but iron oxides are uniformly 
so poorly crystallized that their identification is extremely difficult or impossible. 

The Bulwer profile is of particular interest, due to presence of illite and com- 
plete absence of kaolinite. In this profile, it would appear that gibbsite is obtained 
directly by weathering of illite, and not through intermediate formation of kao- 
linite. Of other profiles considered in this paper, the nearest in this respect is 
Middelwit, in which illite predominates over kaolinite, but the proportion of 
gibbsite is small, and the presence of some kaolinite gives rise to the possibility 
that it represents an intermediate stage of decomposition. 

In ferruginous lateritic soils, the clay fractions are low and contain consider- 
able proportions of fine quartz and mica, which vary considerably with the par- 
ent rock. There is also a tendency for the clay mineral to be illite rather than 
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kaoliiiite. Decomposition of the clay minerals is not very intense compared with 
the other groups. 

An intrazonal glei or meadow soil has been included in the discussion, since 
it shows completely different properties from surrounding soils produced from 
the same parent rock. These differences are confirmed by its colloid, which con- 
stitutes a high proportion of the total soil and consists almost wholly of mont- 
morillonite. 


SUMMARY 

A study has been made of the mineralogical constitution of the colloids of the 
South African lateritic soils. Chemical analyses were previousl}^ reported, and 
the present work consists of the application of x-ray diffraction and of differential 
thermal analysis to the same samples. 

The results are in general accord with morphological classification of the soils. 
Under conditions of good drainage and high rainfall, a high degree of weathering 
takes place, and the soil colloids consist only of kaolinite, gibbsite, and iron 
oxide. When rainfall is below about 30 inches a year, weathering is less extensive, 
undecomposed quartz and mica tend to appear in the colloid fraction, and the 
clay mineral is sometimes illite. Gibbsite, however, continues to appear. 

Under conditions of poor drainage, an instance of an intrazonal black soil, 
with montmorillonite as clay mineral, is cited. In one profile, under conditions 
of high rainfall and good drainage, there is evidence of decomposition of illite 
directly to gibbsite. 
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Annual Review of Biochemistry, Volume 21 . Edited by J, Murray Luck, Hubert 
S. Loring, and Gordon Maokinnby. Annual Reviews, Inc., vStanford, Cali- 
fornia, 1952. Pp. 781. Price $6 plus shipping charges (15 cents in IT. S. A., 
35 cents elsewhere). 

Everjmne concerned with plant and animal research will find this I'olume of 
much interest and value. The entire set of 21 volumes provides reference material 
on almost all subjects in these fields. This volume contains review papers by 23 
prominent research specialists. These deal with the chemistry of carbohydrates, 
lipids, steroids, muscle, and nonsteroid hormones; metabolism of fats, amino 
acids, proteins, and carbohydrates; proteolytic, nonoxidative and nonproteo- 
lytic enzymes; fat-soluble and water-soluble vitamins; biochemistry of neoplastic 
tissue and antibiotics; nucleic acids, purines, and p 3 a*nnidines; interrelationships 
of lipid and carbohydrate metabolism; and nutrition, comparative biochemistry, 
carotenoids, alkaloids, chromatography, and biological oxidations. Soil-plant 
specialists wdll find the discussion of mineral elements in animal nutrition of 
special interest, and some important references are given. The work of some 
6,000 scientists is reviewed. This is a highly important publication. 

Chemical Anatomy, Physiology, and Pathology of Extracellular Fluid, Fifth Edi- 
tion. By James L. Gamble. Harvard University Press, Cambridge, Massachu- 
setts, 1951. Pp. 156, charts 52, Price, paper-bound, coil back, $1.90. 

Those who are interested in the mineral nutrient problem in relation to the 
soil-plant-animal-maii cycle will find this book of considerable interest and value. 
Chart 2, for example, gives comparative analyses of sea water, blood plasma, 
interstitial fluid, and cell fluid, in terms of acid-base equivalence. In chart 3 
one finds that the 155 me. of base in blood plasma consist of 142 me. Na, 5 me. 
K, 5 me. Ca, and 3 me. Mg, and the acid equivalence consists of 27 me. HCO3, 
103 me. Cl, 2 me. HPO4, 1 me. SO4, 6 me. organic acids, and 16 me. protein. 
The remaining charts show other very interesting relationships. The author is 
associated with the department of pediatrics. The Harvard Medical School. 

Chemistry of the Metal Chelate Compounds, By Arthur E. Martell and Melvin 
Calvin. Prentice-Hall, Inc., New York, 1952. Pp. 613. Price $13.50. 

A substance that combines with a metal to form a ring compound is known 
as a chelating (ch=k) agent, and the resulting product is a chelate. Interest 
in this process and in the resulting products has grown rapidly during the last 
few years, especially in the biological field, particularly in connection with trace- 
element research. All of the trace elements form chelates with ethylenediamine- 
tetracetic acid, one of the best-known chelating agents. These trace-element 
ehelates vary in their stabilities. Enzymes are chelation systems. Addition of a 
chelating agent to a biological system may result in very marked changes in 
the functioning of enz 3 mes, since the agent competes with the enzymes for the 
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bound metals. These and a great variety of other points are developed in detail 
in this highly informative and well-written book, which is by far the best pres- 
entation of the subject that has come to our attention. 

The Diagnosis of Mineral Deficiencies of Plants by Visual Symptoms. By T. 
Wallace. His Majesty’s Stationery Office, London, British Information 
Services, New York, 1951. Pp. 108, color plates 311. Price $8. 

The author of this book is director of the Horticultural Research Station at 
Long Ashton, Bristol. The work reported was done under the sponsorship of 
the Agricultural Research Council. The five chapters deal with plant nutrition, 
soil mineral supplies, methods of determining nutrient deficiencies, deficiency 
symptoms, and visual methods of diagnosis in the field. Extended bibliographies 
are appended to each chapter. The color plates, the most complete set yet to be 
published, sho\c deficiency symptoms of all the mineral nutrients known to be 
required, as they are revealed by potatoes, barley, oats, rye, wheat, maize, 
flax, broccoli, briissels sprouts, cabbage, savoy, cauliflower, kale, radish, rape, 
swede, turnip, beets, mangold, spinach, beans, peas, clovers, alfalfa, carrot, 
parsnip, celery, lettuce, leek, tomato, hop, onion, apple, cherry, pear, plum, 
currant, gooseberr^L raspberry, and strawberry. Every one who has to do with 
diagnosing soil-plant deficiencies wall find this a very valuable book to have close 
at hand. 

The Geography of Hunger. By Josxje de Castro. Little, Browm and Company, 
New York, 1952. Pp. 337. Price $4.50. 

The question posed by the author of this exceptionally well written book is 
whether overpopulation is the cause of hunger or hunger is the cause of over- 
population. The point is made that m proportion as the consumption of animal 
proteins is reduced, the birthrate is increased. This conclusion is supported by a 
tabulation of birthrates and animal-protein consumption in 17 countries, which, 
without exception, are showm to be inversely correlated. Thus the birthrate in 
Formosa is 45.6 and the animal-protein intake per day is 4.7 grams. In Sweden, 
the birthrate is 15.0 and the animal-protein intake 62.6 grams. The eight chap- 
ters in the book deal with taboo and gamut of hunger, hunger in the New World, 
in Ancient Asia, and in the Dark Continent, starving Europe, advance against 
hunger, and geography of abundance. If De Castro’s concept is correct, popula- 
tion growth can be brought under control by an improved animal-protein diet. 
The author has presented a highly interesting and constructive statement on 
this very important subject. The book merits reading by a gi'eat many people. 

Geography of Living Things. By M. S. Anderson. Philosophical Library, New 
York, 1952. Pp. 202, plates 5. Price $2.75. 

The author of this book endeavors to connect the physical side of geography 
with the animal and human side in what might be called the science of bio- 
geography. The several chapters deal with man as an animal, effect of environ- 
ment on man, and his relationships to rocks, w^ater, soil, food, pests, and diseases. 
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The problem of famine is considered in some detail. The conclusion is drawn that 
*'we have not really solved the famine problem, we have only shelved it. If we 
let our numbers increase as they are doing at present, when the problem does 
again present itself for solution in the densely populated urbanized countries of 
Western Europe and North America, it will be an infinitely more difficult problem 
than it has ever been hitherto, even in India or China.” The author suggests 
that a true balance between man and the soil would be more easily attained by 
state ownership of all land, however impalatable that might be. 


Guide Pour VEtude Exphdmentale du Sol. Second Edition. By Albert Demolon 
AND Desire Leroux. Gauthiers- Villars, Paris, 1952. Pp. 251, figs. 88. Price, 
paper-bound, $6.05. 

This book is recommended for use by students of soils who are endeavoring 
to improve their reading knowledge of French. It is easy to read and, at the same 
time, it gives a very good outline of the nature of soil, its chemical, physical, 
and biological properties, and of methods that are being employed in France in 
the study of these properties. Methods for determining boron, copper, zinc, 
nickel, and cobalt are included, and references are given to methods of arsenic, 
fluorine, iodine, barium, chromium, lithium, molybdenum, lead, rubidium, 
selenium, titanium, and vanadium determination. 


Laterite and Lateriiic Soils. By J. A. Prescott and R. L. Pendleton. Common- 
wealth Agricultural Bureaux, Farnham Royal, Bucks, England, 1952. Pp. 
51, figs. 7, plates 6. Price 6/-. 

The authors give the field characteristics of laterite, its geographical distribu- 
tion, and its nature and origin, and then consider lateritic soils. They reach the 
conclusion that ^flaterite is essentially the exposed illuvial horizon of an ancient 
soil. The principal difference from a soil in current process of formation is that 
the scale is very materially greater.” They suggest that the term ‘flaterite” as 
a name for a great soil group be dropped. Kellogg suggests the term ^datosol” 
as a substitute. The photographs and descriptions of laterite in this book are of 
special interest. 

The Mineral Resources of the World. Volume 2. By William Van Royen and 
Oliver Bowles. Prentice-Hall, Inc., New York, 1952. Pp. 181, figs, 186. 
Price $10.75. 

This second volume of the Atlas of the World’s Resources is dedicated to the 
memory of Oliver Edwin Baker, who had a life-long interest in graphic and 
cartographic presentation. The authors of this volume have made extensive 
use of these methods in showing the geographic distribution of the world's 
mineral resources and their points of production. Following a preview, and a 
discussion of coal, petroleum, and water power, consideration is given to 16 
important metals, the uranium group, phosphate rock, potash, sulfur, salt, dia- 
monds, asbestos, fluorspar, graphite, and mica. The world reserves of phosphate 
rock are estimated to be 26 billion metric tons and those of potash (K 2 O) 37 
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billion metric tons. The United States has about half the phosphate but only 
about 1 per cent of the potash, enough to last only about 70 years at the current 
rate of production. This is a higher interesting and attractive volume. 

Princifles of Agriculture, By W. R. Williams. Chemical Publishing Co., Inc., 

New York, 1952. Pp. 156, figs. 34. Price $3.75. 

Translation of this book into English, b}^ G. Y. Jacks, and of T. D. Lysenko's 
introduction, by Bernard L. Koten, makes it possible to get an idea of current 
Russian thinking on soils in relation to crop production. The point of primary 
concern is soil structure and the means by which it can be improved, both b,y 
proper use of implements for cultivation and by the growing of perennial grasses. 
The author writes: ^^Cultivation must produce a crumb structure throughout 
the whole arable horizon, but in such a way that the smallest possible qiiantity 
of dispersed soil particles is created at the same time.'' He also indicates that 
two years of a perennial grass are required for complete restoration of a soil of 
which the structure has been completely destro 3 ’'ed. Another point of interest is 
the concept that potassium fertilizers should be applied to the sod crop rather 
than to cultivated crops, as a means of avoiding deterioration of soil structure. 
Lysenko’s introduction advises the reader as to how much of Williams’ thinking 
is sound and as to what must be discarded. 

Proceedings of the Bihar Academy of Agricultural Sciences. Volume 1, Number 1. 

Agricultural Research Institute, Sabour (Bihar), India, January, 1952. Pp. 

94. Annual subscription Rs. 10. 

Three numbers of these proceedings will be published annually. This first 
number contains seven papers having to do with hybridization in Luffa acutan- 
gida; exchange cations in soils; size and shape of wheat plots; fruit-producing 
population of papaya; cytological studies in Loranthus; carbon dioxide produc- 
tion in stored wheat; and soils of Bihar, with new method for determining manii- 
rial requirements. A number of the articles are illustrated, and a considerable 
list of references is appended to each of them. The secretary-treasurer of the 
editorial board is S. C. Mandal. 

Punched Cards, Their Applications to Science and Industry. Edited by Robert 

S. Casey and James W. Perry. Reinhold Publishing Corporation, New York, 

1951. Pp. 506. Price $10. 

This is the first carefully developed and detailed discussion of this subject 
that has come to our attention. The book is divided into four parts having to do 
with fundamentals, case histories, general considerations, and future possibilities. 
The authors are well known men in their respective fields in industry, the uni- 
versities, and the societies. The point is made that publication has extended far 
beyond our ability to make use of it unless the principle of the punched-card is 
applied to the problem. The book is intended primarily to help the individual 
scientist or technologist, with more emphasis on hand-sorted than machine- 
sorted cards. The cards are especially useful in working with problems that in- 
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volve large groups of data, such as those dealt with by D. E. II. Frear iu his 
book on chemical structure in relation to toxicity of compounds to insects and 
fungi. A highly important chapter on indexing and index-searching was written 
by E. J. Crane, editor of Chemical AhstracU. It would appear that more attention 
should be given to the punched-card system, particularly by individuals. A bib- 
liography of 276 references is appended. This is an important book. 

The ReporU of the Institute of Agricultural Research. Volume 3. Series D Agricul- 
ture. Tohoku University, Sendai, Japan, 1951. Pp. 171. 

Of the seven papers in this issue, those on ^‘mechanisms of phosphorus and 
iron absorption by rice plant^^ and on “a newly devised method for soil colloidal 
fractionation'^ in which thermal diffusion is applied would be of particular in- 
terest to soil-plant scientists. 

RoihamMed Experimental Station Report for 1951. Harpenden, England, 1952. 
Pp. 212. Price, paper-bound, 7/6, plus foreign postage. 

As in previous issues, this report gives a short history of Rothamsted, lists 
the staff members, and then presents the reports of the 15 departments. In addi- 
tion, it reports progress on the soil survey of England and Wales. It also has 
special reviews on yellow^ virus of beets, manganese oxidation in higher plants, 
and travel distances of insects. Titles and authors are given for 140 technical 
papers that were published during the year. The frontispiece shows a picture of 
the Rothamsted laboratories and the last page contains a map of the experimental 
farm. Anyone who has to do with agriculture will find something of interest and 
importance in this report. 

Soluble Silicates. Volume 1, By James G. Vail. Reinhold Publishing Corpora- 
tion, New York, 1952. Pp. 357. Price $9, 

This is the first of a twro-volume monograph designed to present a complete 
review of the known properties and industrial applications of soluble silicates. 
It is sponsored by the American Chemical Society. Following an introductory 
historical chapter, the author discusses present practices in silicate manufacture 
and homogeneous, heterogeneous, and complex systems. Soil chemists will find 
the entile volume of much interest. For those concerned with soils in relation 
to plant nutrition, there is an excellent review” of the literature on silicon as a 
possible plant nutrient and nutrient replacement. Some consideration is given 
to silicates as soil-aggregating agents. References are given to the work of more 
than 1,000 research specialists in silicate chemistry and practice. Every soils 
department wdll w^ant a copy of this volume for ready reference. 

A Source Book in Chemistry. Edited by Henry M. Leicester and Herbert S. 

Klickstein. McGraw”~Hill Book Company, New York, 1952. Pp. 554. Price 
■■'•$7.50. , 

This is the seventh of a series of source books on astronomy, mathematics, 
ph3^sics, geology, Greek science, animal biology, and chemistry. Comments 
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concerning and selected quotations from 83 noted chemists are presented, be- 
ginning with Biringuccio (1480-1539), Agricola, Paracelsus, Libra vius, and Van 
Helmont ; later including Ingenhous, Lavoisier, Davy , W ohler , Liebig, and Pasteur; 
and ending with Fischer, Buchner, Thiele, Gomberg, Werner, and Marie Curie 
(1867-1934). The selections are made on the basis of showing the gradual develop- 
ment of chemical theory. A bibliography of biographies of nearly 400 titles is 
appended. In following the development of the text, one soon becomes aware 
that although the facts of chemistry are fixed this does not apply to the theories 
that were advanced to explain them. Yet the theories have been much more 
productive than mere knowledge of the facts on which they were based. This is 
an inspiring volume that students of chemistry would do well to read early in 
their careers. 

Viruses as Causative Agents in Cancer, C. R. Rhoads, Consulting Editor. Annals 
of the New York Academy of Sciences, volume 54, pp. 869-1232. Published 
by the Academy, New York, 1952. Price $4. 

This consists of a series of papers that were presented at a conference on viruses 
as causative agents in cancer held by the Section of Biology of the New York 
Academy of Sciences, November 16-17, 1951. The consulting editor is director 
of Sloan-Kettering Instutite for Cancer Research and director. Memorial Center 
for Cancer and Allied Diseases, New York. Of the three hypotheses — ^irritation, 
embryonal, and parasitic — only the last is dealt with. The 31 technical papers 
present highly important information on patholog}^ cell particulates, enzymes, 
biochemical relationships, proliferation, genetic factors, immunological barriers, 
dormancy, lymphomatosis, isolation, tumors and virus in mice, fowl, plant, 
fish, frog, and rabbit, crown-gall disease, Hodgkin’s disease, mouse leukemia, 
electron microscopy of viruses, and virus-induced tumors of human skin. The 
editor points out that ‘^knowledge of cell particulates and the neoplastic process 
has increased enormously” in the last 40 years and that new information on the 
^ ^cancer problems has never been acquired so rapidly nor has it been of such high 
quality.” This is a very valuable issue of the Annals. 
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AVAILABILITY OF RESIDUAL PHOSPHORUS OF SUPERPHOSPHATE 
AND ROCK PHOSPHATE DETERMINED BY PHOSPHORUS IN 
CROPS FROM RADIOACTIVE SUPERPHOSPHATE* 

J. R. NELLER and H. W. LUNDY 
Florida Agricultural Experiment Station’^ 

Received for publication March 19, 1952 

Many of the soils of western Florida are known to have the capacity to fix large 
amounts of the phosphorus of applied phosphate fertilizers.® In their virgin state 
these soils require addition of phosphates as well as other fertilizing elements to 
ensure a crop of economic value. Thus the response of w^hite clover and Dallis 
grass, planted on virgin Tifton and Carnegie fine sandy loams, was a straight-line 
function of increasing amounts of superphosphate up to 1,000 pounds per acre (2). 

As only a small part of the phosphorus added to these soils is recovered in 
crops, the soil will, after a period of fertilizing and cropping, accumulate a con- 
siderable supply of residual phosphorus. The question arises: How available is 
this phosphorus to succeeding crops? If the amount is known to be considerable, 
a farmer naight find it worth while to supply not only adequate phosphorus for the 
current crop but some reserve also, particularly of the cheaper but more insoluble 
phosphates. 

The advent of radioactive phosphorus in quantities adequate and cheap enough 
for the tagging of fertilizer phosphates for field experiments makes it possible to 
determine how much of the phosphorus in the crop comes from currently applied 
phosphate. The remainder of the plant phosphorus can be credited to the residual 
supplies in the soil, except for the phosphorus that may enter into an exchange 
with that native to the soil. This native phosphorus is probably negligible for 
Marlboro fine sandy loam of approximately 200 ppm. phosphorus, which consti- 
tuted the plot area of this experiment. This is the procedure reported in this 
paper for a soil characterized by a high fixing power for phosphorus and to which 
phosphates must be added for satisfactory growth of crops. 

EXPERIMENTAL 

A series of plots, 5 by 20 feet, were laid out in quadruplicated randomized block 
design in a field of Marlboro fine sandy loam. The field was first cropped in 1947 

1 The radiophosphorus was supplied by the Atomic Energy Commission and incorporated 
into superphosphate by the Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Beltsville, Maryland. 

2 Journal Series 62. The authors express their appreciation for aid and interest in these 
experiments to B. W. Pearson, C. E. Hutton, W. H. Kelly, and W. K. Robertson. Some of 
the earlier assays for P®^ were made under the direction of J. W. Borland. 

2 From unpublished data by Neller and in Reference (4) . 
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and had received applications of superphosphate totaling 116 pounds per acre, 
P 2 O 6 basis. In August 1949 ground limestone at 1,000 pounds per acre was disked 
into the surface 6 inches. A month later superphosphate (18 per cent P 2 O 6 ) and 

TABLE 1 


Phosphorus in oats and fescue obtained from residual phosphates of previously applied super- 
phosphate and rock phosphate on Marlboro fine sandy loam 


1950 

1951 

Pretreatments of phosphate 
Aug. 23, 1949 

Tagged 
super- 
phosphate 
Nov. 11, 
1949 

P in oats obtained 
from residual 
phosphates 

Residual 

Super- 
phosphate 
of Mar. 
14, 19Slt 

P in fescue obtained 
from residual 
phosphates 

1st 

cutting 
Jan. S, 
1950 

2nd 
cutting 
Feb. 14, 
1950 

phosphate* 

1st 

cutting 
May 1, 
1951 

2nd 

cutting 
June 1, 
1951 

m/A. 

Ih.X/A, 

% 

% 

11,%/A, 

ILX/A. 

% 

% 

100 

100 

43.8 

46.2 

200 

50 


— 

(superphosphate) 

200 

32.3 

30.1 

300 

100 

58.6 

64.5 


300 

24.8 

23.8 

400 

150 

48.0 

50.9 

200 

100 

57.6 

57.6 

300 

50 

73.9 

78.4 

(superphosphate) 

200 

48.3 

41.3 

400 

100 

58.1 

60.1 


300 

43.2 

32.7 

500 

150 

52.6 

50.9 

300 

100 

68.3 

61,2 

400 

50 

73.5 

75.7 

(superphosphate) 

200 

56.0 

53.1 

500 

100 

62.5 

68.9 


300 

49.9 

39.7 

600 

150 

— 

— 

320 

100 

23.4 

35.4 

420 

100 

53.7 

56.8 

(rock phosphate) 








640 

100 

36.2 

44.3 

740 

100 

56.1 

57.2 

(rock phosphate) 








L.S.D. re pretreatments 


3.9 

5.7 



— 

, , 

of superphosphate 








L.S.D. re 100 P 205 -tagged 


4.5 

10.0 



§ 

4.8 

superphosphate treat- 
ments 









* All plots received 116 pounds P 2 O 5 as superphosphate applied to the virgin soil in 
1947 and 1948. 

t The superphosphate of the 100 P 2 O 6 rate was radioactive. 
tP20B. 

§ Not significant. 

rock phosphate were disked into the surface 4 inches of the plots at rates recorded 
in table 1. 

Three months later, radioactive superphosphate of an activity of 0.2 me. per 
gram of phosphorus was applied in drills 7 inches apart, just below the soil sur- 
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face.'* The plots were planted to fescue grass after adequate amounts of nitrate 
and potash were added. 

Extremely dry weather killed the fescue grass, and the area was planted to 
oats on November 30, and equipment was installed to irrigate the plots when 
necessary. On January 5 a cutting of oats was removed. Samples were taken for 
yield and for assay by the method of MacKenzie and Dean (3). After the removal 
of a second cutting, the plot area was topdressed with nitrate and potash and 
planted to fescue in preparation for the experiments of 1951. For these the cur- 
rent applications of superphosphate were at rates of 50, 100, and 150 pounds 
P2O6 per acre, of which the 100-pound rate was tagged with P 32. 

Inasmuch as crops are a failure on Marlboro fine sandy loam in its virgin state 
unless a phosphate is added to the soil (2), the phosphorus in the plant that was 
not derived from the currently supplied superphosphate can be assumed to come 
from the residual phosphorus in the soil and is so recorded. 

Differences necessary for significance (L.S.D.) in the tables are calculated at 
the 5 per cent level of probability. 

RESULTS 

Table 1 records the percentage phosphorus in the oats obtained from the resid- 
ual or pretreatment phosphorus of superphosphate and rock phosphate in 1949. 
In both first and second cuttings of 1950 more than 40 per cent of the phosphorus 
in the oats was derived from residual phosphates where the current applications 
of superphosphate were at the rate of 100 pounds P 2 O 5 per acre. Increasing the 
rate of application lowered the amount of phosphorus coming from residual 
phosphates to about 24 per cent of the total uptake. Larger amounts of pre- 
treatment (residual) superphosphate were paralleled by a higher percentage up- 
take of phosphorus from the residual phosphates. 

The data of 1950 (table 1) definitely show that there was more phosphorus in 
the oats from residual superphosphate where more had been applied to the soil in 
the pretreatments. The increases were significant for all three pretreatment levels. 

Two of the currently applied superphosphate treatments at the rate of 100 
pounds per acre followed pretreatments of rock phosphate at two rates. The up- 
take of phosphorus from these differed significantly for the first cutting (table 1), 
and that for the 640-pound P2OB per acre rate amounted to 44.3 per cent. The 
uptake of phosphorus from rock phosphate at the rate of 1 ton per acre (640 
pounds P2O6) was about the same as from 100 pounds P2O5 applied in super- 
phosphate. 

The 1951 treatments of superphosphate were at rates of 50, 100, and 150 
pounds P2O5 per acre (table 1). Superphosphate at the 100-pound rate was tagged, 
and uptake of phosphorus for the other rates was calculated by means of the A 
value formula (1). The blank spaces in the table are due to impossibility of calu- 
lation because there is no tagged rate with a similar background, as shown in the 

^ The radiosuperphosphate was applied by means of a machine designed and built by 
J. G. Futral, Georgia Agricultural Experiment Station, aided by funds from the Phosphate 
Industry Committee. 
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column of residual phosphates for 1951. For this reason also, significant differ- 
ences could not be calculated for residual effects of superphosphate of the pre- 
treatments. 

TABLE 2 

Yields and phosphorus content of oats and fescue relative to applications of superphosphate 
and rock phosphate on Marlboro fine sandy loam 
Yields and treatments on acre basis 


1950 


1951 


Pretreatments 
of phosphate 

Aug. 23, 1949 

Tagged 
super- 
phosphate 
Nov. 11, 
1949 

Oats 

Residual 

phos- 

phate* 

f&.t/A. 

Super- 
phosphate 
of Mar. 
14, 1951 
Ib.XtA, 

Fescue 

1st cutting 
Jan 5, 1950 

2nd cutting 
Feb. 14, 1950 

1st cutting 
May 1, 1951 

2nd cutting 
June 1, 1951 

Yieldt 

P con- 
tent 

Yieldt 

P con- 
tent 

Yieldt 

P con- 
tent 

Yieldt 

P con- 
tent 

m/A, 

lh,yA, 

Ih. 

% 

Ih. 

% 



Ih. 

% 

Ih. 

% 

100 

100 

165 

.316 

215 

.258 

200 

50 

1127 

.299 

161 

.231 

(superphosphate) 

200 

229 

.412 

445 

.300 

300 

100 

1352 

.355 

157 

.245 


300 

195 

.434 

300 

.297 

400 

150 

1106 

.343 

122 

.280 

200 

100 

214 

.389 

217 

.278 

300 

50 

1311 

.315 

148 

.255 

(superphosphate) 

200 

205 

.398 

299 

.304 

400 

100 

1220 

.364 

170 

.260 


300 

213 

.439 

377 

.317 

500 

150 

1383 

.325 

157 

.292 

300 

100 

244 

.414 

266 

.303 

400 

50 

1301 

.294 

151 

.256 

(superphosphate) 

200 

204 

.459 

362 

.307 

500 

100 

1167 

.377 

148 

.267 


300 

261 

.432 

423 ; 

.247 

600 

150 

1301 

.323 

155 

.266 

320 

100 

189 

.328 

311 

.260 

420 

100 

1337 

.337 

137 

.224 

(rock phosphate) 












640 

100 

163 

.351 

145 

,017 

740 

100 

1227 

.348 

145 

.231 

(rock phosphate) 












L.S.D. re pre- 


§ 

.022 

90 

.025 



§ 

.024 

§ 

.020 

treatments of 












superphosphate 












L.S.D. re 100 


§ 

.038 

§ 




§ 

.041 

§ 

.035 

P206-tagged 












superphosphate 












treatments 













* All plots received 116 pounds of P2O5 as superphosphate applied to the virgin soil in 
1947 and 1948, 


t Air-dry basis. 

§ Not significant. 


Differences in phosphorus uptake with superphosphate currently applied at 
100 pounds per acre P 2 O 6 were not significant for the first cutting but were for the 
second (table 1), particularly in a comparison of residual effects of superphosphate 
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and of rock phosphate. In 1951, as in 1960, it may be observed that the residual 
effect of 2,000 pounds of rock phosphate (32 per cent P 2 O&) was about equal to 
one fourth that amount of 20 per cent superphosphate. 

Yield data of oats in 1950 and of fescue in 1951 for these plots are recorded 
in table 2. Yields increased with increased phosphates applied to the soil, but not 
significantly except for the second cutting in 1950. Plots without a pretreatment 
of phosphate were not included in this experiment, because it was known that 

TABLE 3 


Total and dilute-acid-soluble phosphorus content and pH of surface $ inches of Marlboro fine 

sandy loam of phosphated plots 


PEETREATMENTS OP PHOSPHATEJ 
AUG. 23, 1949 

SUPERPHOSPHATE 
NOV. 11, 1949 

TOTAL P 

JAN. 5, 1950 

1 HLUTE-H 2 SO 4 - 
SOLUBLE P 

JAN. S, 1950 

pH 

MAY 1, 1951 

lb*/ A, 

lb.*/A, 

ppm. 

ppm. 


100 

100 

263 

55 

6.08 

(superphosphate) 

200 

319 

66 

6.00 


300 

271 

50 

5.77 

200 

100 

375 

79 

6.08 

(superphosphate) 

200 

318 

58 1 

5.98 


300 

458 

87 1 

5.77 

300 

100 

386 

74 

6.26 

(superphosphate) 

200 

435 

78 ! 

6.10 


300 

400 

91 

5.94 

320 

(rock phosphate) 

100 

399 

108 

6.26 

640 

(rock phosphate) 

100 

673 

245 

6.12 

L.S.D. re pretreatments, super- 
phosphate 


6 

0.6 

0.16 

L.S.D. re superphosphate 
treatments of Nov. 11, 1949 


30 

3.2 

0.27 


^ P2O5. 


establishment of a crop preceding the addition of tagged superphosphate would 
be doubtful without an initial treatment of phosphate. 

Table 2 also records the phosphorus content of the oats in 1950 and of the 
fescue in 1951. The percentage of phosphorus in the plants was significantly 
increased where larger amounts of phosphates had been applied currently and 
where the residual levels were higher. Only 0.89 per cent of the phosphorus of the 
phosphates added to the soil was taken up by the oats grown in 1950, and 2.28 
per cent by the fescue of the two cuttings recorded for 1951. Recovery from the 
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rock phosphate treatments averaged 0.50 per cent in 1950 and 1,68 per cent in 
1951. 

There is a significant trend toward more total phosphorus in the surface 3 
inches of the Marlboro soil (table 3) with increasing rates of application of 
superphosphate. The increase is not consistent, however. This is not surprising 
in view of the high dilution factor resulting from mixing the superphosphate in 
the surface 3 inches of this soil, which in virgin state contains about 200 ppm. of 
phosphorus. About one fifth of the total phosphorus was extracted with the 0.002 
N H2SO4 buffered solution, with significance in most cases in reference to the 
amounts of superphosphate added to the soil. An increase in the amount of rock 
phosphate had a marked effect on both total and soluble soil phosphorus but 
not on percentage phosphorus in the oats and fescue (table 2), whereas an increase 
in the amount of superphosphate resulted in significant increases in plant phos- 
phorus. 

The pH values of the soil in samples taken in May 1951 (table 3) were increased 
slightly but significantly in plots that received pretreatments of superphos- 
phate (300-pound P 2 O 6 basis) in September 1949; whereas there was a significant 
decrease in pH following superphosphate at the 300-pound P 2 O 6 rate applied as 
a topdressing in November 1949 and at the 150-pound rate in March 1951, as 
compared with applications at one third those rates. 

BISCUSSION 

The Marlboro soil on which these experiments were run contains practically 
no soil phosphorus that is available to crops. This factor makes it possible to 
credit phosphorus uptake by crops to pretreatment or residual applications of 
fertilizer phosphate after deducting the uptake from currently applied super- 
phosphate, The soil had been cropped for 2 years before establishment of the 
experimental crops. During that time superphosphate equivalent to 116 pounds 
P 2 O 6 had been applied to the soil. Since this is a negligible amount to add to 
virgin soils of that type ( 2 ), virtually all of the uptake from residual phosphorus 
can be attributed to the pretreatments of phosphate applied in setting up the 
experiment. The amounts of phosphorus obtained from pretreatment or residual 
phosphorus ranged from 43.8 to 66.3 per cent (table 1 ) when tagged superphos- 
phate was used at the rate of 100 pounds P 2 O 5 per acre. This availability of 
residual phosphorus seems surprisingly high and might be attributed to incom- 
plete fixation equilibrium, were it not for the fact that the uptake from similar 
amounts of residual phosphorus the next year was fully as high. 

Data of 1950 and 1951 show that uptake of phosphorus from rock phosphate 
was about the same as that from one fourth as much superphosphate. The soil 
had been limed moderately and had a pH of 6 . The results indicate that rock 
phosphate applied at 2 or 3 tons per acre would serve as a source of phosphorus 
for pastures on soils of this type. Experiments have shown, however, that over 
much of Florida, soils need to be supplied with a source of sulfur (5) as well as 
with phosphorus for satisfactory growth of legumes. Ordinary superphosphate 
contains sulfur as gypsum. 
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SUMMAEY AND CONCLUSIONS 

The availability of the phosphorus of pretreatments of superphosphate and of 
rock phosphate disked into the surface 4 inches of Marlboro fine sandy loam was 
determined by addition of radioactive superphosphate to plots in a randomized 
block design. 

More than 40 per cent of the phosphorus in a crop of oats was obtained from 
the residual phosphorus of superphosphate applied at 100 pounds P 2 O 5 per acre. 
Pretreatments at 300 pounds per acre resulted in more than 60 per cent uptake 
of phosphorus from residual phosphates. 

Use of tagged superphosphate for a second year on the same plots, where a 
sodded stand of fescue grass had been established, showed that about 60 per cent 
of the phosphorus in the grass came from phosphate residual in the soil to the 
extent of 300 pounds P2O5 per acre. On plots that carried 500 pounds, the uptake 
from the residual source was about 65 per cent. 

For oats in 1950 and for fescue in 1951, the uptake from the residuals of finely 
ground rock phosphate at 640 pounds P 2 O 5 per acre was equal to that from 
superphosphate at 100 pounds P 2 O 6 per acre. Use of rock phosphate resulted in 
decreases in yields and in percentage phosphorus in the crops, as compared 
with superphosphate. 

Total phosphorus as well as buffered dilute-HaSO^soluble phosphorus of the 
soil gave poor correlation with the availability of the residual phosphorus as 
determined by means of radiophosphorus. The soils from the plots of the various 
treatments ranged in pH somewhat above and below 6.0, with a significant de- 
crease in pH paralleling increased amounts of superphosphate surface dressed 
on the plots about 6 weeks in advance of the sampling of the soil. 
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UTILIZATION OF THE PHOSPHORUS OF ALGAL CELLS AS 
MEASURED BY THE NEUBAUER TECHNIQUE 

W. H. FULLER and R. N. ROGERS 
Arizona Agricultural Experiment Station'- 
Received for publication January 16, 1952 

Most of the cultivated soils in Arizona are favored by extended periods of warm 
weather and receive water by means of irrigation. These conditions permit rapid 
growth of soil algae. Observations of undisturbed irrigated soils reveal the pres- 
ence of a covering of green algae throughout most of the year. Irrigation ditches 
are also lined with algae. Observations of this nature in addition to counts made 
by the dilution method leave little doubt that irrigated soils are well supplied 
with algae. A report by Fletcher and Martin (6) indicates not only the abundance 
of algae in desert soils but also the importance of these plants in the nitrogen 
economy because of their ability to fix atmospheric nitrogen. An increase of as 
much as 3 tons of carbon per acre 3-inch slice, or 1,000,000 pounds of soil, has 
been attributed by Fletcher^ to growth of algae during favorable weather condi- 
tions in Arizona. This represents about 6 tons of organic matter, since algae 
contain between 40 and 50 per cent carbon. Lesser quantities, however, are more 
common. 

Immediately after soils receive water, algae appear to multiply rapidly. At this 
time they may be expected to fix or immobilize plant nutrients such as phospho- 
rus. As the soils become dry, algal activity decreases, the algae die, and during 
the process of decay, nutrients are returned to the soil for plant use. 

The release of nutrients from algal material by decay is reported here. By use 
of radiophosphorus the uptake of phosphorus by barley seedlings from algal ma- 
terial and liquid H3PO4 added to various calcareous soils was investigated under 
conditions of the Neubauer technique. 

METHODS AND MATERIALS 

Preparation of labeled algae 

Gallon glass jars containing phosphate-free BristoPs NaNOa solution (4) were 
inoculated with a culture of the green alga, Palmela of the Chlorophyta division, 
and allowed to incubate in the sunlight for 2 weeks. This alga is found abundantly 
in Arizona soils and was isolated from a citrus-orchard soil. Radiophosphorus in 
the form of KH2PO4 was added at the rate of 1 gm. per 60 hters of solution. The 
activity of this amount of irradiated KH2PO4 was calculated to be about 10 me. 
at the time of its addition. The phosphorus concentration of the nutrient solution 
was brought up to the requirement of the BristoPs medium with an additional 
11 gm. of KH2PO4. After incubation in the greenhouse for 34 days the algae were 

Cooperative project between the University of Arizona and U. S. Atomic Energy 
Commission under research contract No. AT (11-1)-103. 

2 Unpublished data. 
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concentrated centrifuging, washed three times with distilled water and three 
times with 0.002 N H3PO4 solution. A final washing was made with distilled 
water until the washings were free from traces of phosphorus. A suspension of 
known concentration of the algae was prepared by stirring in a Waring blender 
for 10 minutes and making up to a volume of 1 liter. Dry-weight determinations 
were made on 10-mL aliquots. The 60 liters of culture yielded about 15 gm. of 
oven-dry algae. A duplicate culture later prepared in the foregoing manner gave 
somewhat higher yields of algae. The composition of the two algal materials is 
given in table 1 . 

Preparation of radioactive phosphoric acid solution 

Irradiated KH2PO4 was dissolved in 85 per cent H3PO4 in a concentration to 
give specific activity similar to that of the algae. The concentration of phosphorus 
in the H3PO4 solution was also made the same as that of the algal suspensions. 

TABLE 1 


Carbon i nitrogen^ and phosphorus conte7it of algae and extracted oat straw 


ICATERIAL 

CARBON 

NITROGEN 

TOTAL 

PHOSPHORUS 

C/N 

C/P 

Algae* — 

per cent 

40.1 

per cent 

3.86 

per cent 

3.292 

10 

12.1 

Algaet 

40.0 

3.94 

8.751 

10 

4.6 

Extracted oat straw 

43.6 

0.175 

0.008 

249 

5450.0 


* Used in first Neubauer experiment, 
t Used in study of rate of utilization. 


Preparation of exiraoied oat straw 

Mature oat straw was ground to pass a 40-mesh screen and treated in a partly 
opened autoclave in flowing stream for 4 hours with 1 per cent NaOH. The alkali 
was removed by washing alternately with dilute H 2 SO 4 and water over broad- 
cloth. Table 1 shows some chemical characteristics of the extracted oat straw. 

Neubauer technique 

Preliminary experiments. A modified Neubauer technique as outlined by 
McGeorge ( 11 ) was employed in the preliminary study designed to compare 
thr availability of algal material with that of liquid H3PO4 fertilizer. The perti- 
nent points in the modified Neubauer method are: (a) 100 -gm. samples of soil 
are mixed with 50 gm. of silica sand and the desired phosphorus treatments; ( 6 ) 
the treated soils are placed in Neubauer dishes on the surface of 100 gm. of silica 
sand and covered with 50 gm. of sand; (c) Arivat barley (100 seeds) is uniformly 
placed on the sand and covered with an additional 150 gm. of sand; (d) the soil- 
sand culture is brought up to a previously determined optimum moisture content 
and maintained throughout the 15-day period of culturing; (e) both tops and 
roots are harvested for analysis 15 days after seeding. 

The soils used, Pima clay loam (virgin) and McClellan clay loam (virgin and 
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cultivated) , were selected for their wide variation in levels of available phospho- 
rus and total organic matter content. These soils, the chemical characteristics of 
which are shown in table 2, were used throughout the investigations. Treatments 

TABLE 2 


Analytical data on soils used in the Neubauer experiments 


SOIL TYPE 

DEPTH 

pH 

NITROGEN 

PHOSPHATE 

ORGANIC 

CARBON 

CaCOi 

C/N 

Total 

Or- 

ganic 

CO 2 - 

soluble 


inch 


per cent 

ppm. 

ppm. 

ppm. 

per cent 

per cent 


Pima clay loam (virgin) 

0-*6 

8.1 

0.213 

1580 

760 

13.00 

2.50 

0.16 

8.5 

McClellan clay loam (virgin) . 

0-^ 

8.1 

0.0901 

995 

279 

1.44 

0.74 

6.25 

8.2 

McClellan clay loam (culti- 










vated) 

0-6 

8.0 

0.0576 

390 

85 

0.70 

0.46 

0.37 

1 8.0 


TABLE 3 

Treatments used in the Neubauer experiments 
Per -acre basis 


TREATMENT 

ALGAE 

EX- 

TRACTED 

PHOSPHORUS 

ASPjfOs 

NITROGEN AS N 

C/N* 

C/P* 

OAT 

STRAW 

From 

algae 

From 

HiPOi 

From 

algae 

From 

urea 

1. Algae 

ton 

1 

ton 

lb. 

150 

lb. 

lb. 

77.2 

lb. 

10 

12 

2. Algae 

2 

— 

300 

— 

154.4 


10 

12 

3. Algae 

4 

— 

600 


308.8 


10 

12 

4. Algae, Extracted oat 
straw 

2 

2 

300 

_ 

154.4 

_ 

22 

26 

5. Algae, extracted oat 
straw, ureaf. 

2 

2 

300 



154.4 

76.5 

15 

26 

6. H3PO4 

— 


— 

150 

— , 



— 

7. H3PO4 


— 

— 

300 


~ ; 


— 

8. H3PO4 


— 

— ■ 

600 





9. H3PO4, extracted oat 
straw — 

_ 

2 

_ 

300 

3.5t 


249 

13 

10. H3PO4, extracted oat 
straw, Nf 


^2 


300 

3.5t 

76.5 

22 

13 

11 . Silica sand, algae. .... 

1 

— 

150 

— 

77.2 


10 

12 

12. Silica sand, algae. .... 



75 


38.6 

— 

10 

12 

13. Soil alone.. 

■ 

, — 


— 

— 

— 

— 

— 


* C/N and C/P of treatment materials. 

t Nitrogen added to bring total of the straw up to 2.00 per cent. 
I From straw. 


for this study are given in table 3. Each treatment was replicated three times for 
each soil. 

Rate of amilabiliiy of algal phosphorus, A second study was designed to follow 
the rate of uptake of algal phosphorus from soil during the first 35 days of contact. 
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The modified Neubauer technique was also employed in this investigation, though 
the method of treatment application had to be altered somewhat. The treatments 
consisting of algal material and liquid H3PO4 had to be small enough to allow 
for as complete mineralization as possible in the 35-day period selected, and still 
be large enough to allow measurement of the P 32 activity. Applications of 200 
pounds of P 2 O 6 per acre were thought to meet this objective. Two replications 
of each treatment were made. One series was treated by injecting the algal sus- 
pension into the soil with a pipette. A second series was treated similarly with 
liquid H3PO4 at the same rate of P2O6 per acre. Four injections were made in 
widely separated positions. The cultures were allowed to incubate for various 
periods ranging from 0 to 20 days at an optimum moisture level before barley was 
seeded. The plants were harvested in 15 days. This allowed the elapsed time to 
range from 15 to 35 days during which the treatments were in contact with the 
soil. Additional Neubauer cultures were prepared, immediately seeded to barley, 
and given treatments of algal material and liquid H3PO4 at intervals during the 
growth of the seedlings to permit the phosphate sources to be in contact with the 
soil for various periods ranging from 1 to 15 days. These treatments, too, were 
harvested 15 days after the seedlings were planted. 

The effect of soil microorganisms on the rate of utilization of phosphorus from 
the algal material and liquid H3PO4 was determined by comparing the phospho- 
rus uptake by barley seedlings in sterilized Neubauer cultures wdth those in the 
unsterilized cultures described. The sterilized cultures were prepared and heated 
in an autoclave at 15 pounds’ pressure for 2 hours. Before being seeded with 
sterilized barley, the cultures were allowed to stand for 1 day. The algal material 
used in all cultures to determine the rate of availability was sterilized in an auto- 
clave for 1 hour at 10 pounds’ pressure. 

Chemical methods 

Total phosphorus of the biological materials was determined by the molybdi- 
vanado-phosphoric acid method (10). Carbon analysis of the biological materials 
was made by wet oxidation (1). Nitrogen was analyzed by the mikrokjeldahl 
method. Inorganic phosphorus of the algae was determined according to the 
method of Pons and Guthrie (14); that of the soils, by the method of Dickman 
and Bray (5). Measurement of P 32 and P 31 of the algae and plant materials 
was made by the procedure of MacKenzie and Dean (12). Organic phosphorus 
of the soils was determined by the method of Pearson (13). 

RESULTS AND DISCUSSION 

Preliminary Neubauer experiments 

The limited amount of algal material that could be produced by available cul- 
tural means made it necessary to depend on the Neubauer method for studying 
the availability of this material to plants. Although the results obtained may not 
always be interpreted as identical with those in the field, Neubauer data are use- 
ful for predicting the relative value of treatments under field conditions. Moreover, 
the potential availability of the algal phosphorus compared with that of liquid 



UTILIZATION OF ALGAL PHOSPHORUS 


421 


H3PO4 in different soils is thought to be revealed more accurately under the con- 
trolled conditions of the Neubauer method than under uncontrolled conditions 
in the field. 

The preliminary Neubauer experiments were designed to compare the utiliza- 
tion of phosphorus of algal material with that of a wholly soluble source, liquid 
H3PO4. Dry weight, total phosphorus, and phosphorus absorbed from the treat- 
ments were determined on the combined barley tops and roots. 

Dry weight of plant. At the end of 15 days there were no significant differences 
in the dry weights of the barley seedlings attributable either to source of phos- 
phorus or rate of application (table 4). Wide differences in C/N of the extracted 

TABLE 4 


Dry weight, total phosphorus, ani uptake of phosphorus from algae and liquid H PO4 by barley seedlings grown under 

cond itions of the Neubauer technique* 



DRY WEIGHT 

TOTAL PHOSPHORUS 

PHOSPHORUS UPTAKE 
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mgm. 

1 

2.44 

2.31 

2.24 


0.796 

0.613 

0.621 

— 

5.9 

1.1 

0.6 

_ 

2.5 

2.1 

2.3 

— 

2 

2.47 

2.33 

2.24 

— 

0.831 

0.696 

0.690 


5.4 

1.0 

0.6 

_ 

4.1 

4.2 

3.9 

— 

3 

2.42 

2.36 

2.17 


0.833 

0.766 

0.794 

__ 

3.8 

0.5 

0.2 

__ 

5.4 

6.6 

6.0 

— 

4 

2.39 

2.35 

2.15 


0.813 

0.644 

0.712 


4.5 

0.5 

0.6 

— 

3.9 

3.6 

3.7 

— 

5 

2.43 

2.35 

2.19 

__ 

0.861 

0.693 

0,714 

— 

5.9 

0.4 

0.7 

— 

4.8 

3.6 

3.9 

— 

6 

2.41 

2.50 

i 2.28 

— 

i 0.829 

0.568 

0.601 

— 

7.2 

1.8 

0.7 

__ 

1.8 

1.4 

2.0 

— 

7 

2.44 

2.45 

2.31 

~ 

j 0.824 

0.670 

0.661 


5.8 

2.1 

0.6 

— 

3.3 

3.3 

3.7 

— 

8 

2.50 

2.49 

2.25 


0.901 

0.787 

0.859 

— 

5.6 

1.0 

0.5 

— 

5.9 

7.6 

6.1 

*— 

9 

2.50 

2.47 

2.31 

— 

• 0.878 

0.715 

0.694 

— 

7.7 

3.2 

1.2 


3.3 

3.5 

3.8 

— 

10 

2.46 

2.39 

2.38 

— 

0.878 

0.683 

0.650 

— 

7.2 

1.7 

0.8 


3.2 

3.1 

3.7 


11 

_ 


— 

2.17 

— 

— 


0 60 

_ 

__ 

— 


— 

_ 

__ 

1.45 

12 

__ 

— 


2.20 

— 



0.620 

_ 

— 


— 

, — 

__ 

— 

1.52 

13 

2.42 

2.54 

2.36 

— 

0.738 

0.459 

0.507 

— 

■— 

— 

— 

— 

— 

“ 

— 

— 


* Each value represents averages of three replicates, 
t See table 3. 

t Phosphorus remaining after subtraction of seed and treatment phosphorus (11 mgm. P in 100 seedlings grown 
in sand alone). 

§ P = Pima clay loam (virgin); Mv = McCleUan clay loam (virgin); Me = McClellan clay loam (cultivated); 
s = silica sand. 


oat straw added with algal material or H3PO4 made no marked difference in yield. 
A highly significant difference in seedling yield, however, was found between 
different soils. The fertile Pima soil yielded a greater weight of barley than the 
cultivated McCleUan soil. This agrees with expectations based on the analyses 
of the soils shown in table 3. The virgin McCleUan soil was intermediate with 
respect to dry weight of seedUngs. 

Total phosphorus. Barley seedUngs grown on the Pima soU were consistently 
higher in phosphorus than those on the two poorer McCleUan soils (table 4). The 
differences for aU treatments are highly significant. Seedlings grown in sUica sand 
contained a higher percentage phosphate than did those grown in soU, but be- 
cause of the lower dry weight of material, the total phosphorus uptake was less. 

Data in table 4 also show that as the phosphate applications in the form of 
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algal material or liquid H3PO4 were increased from 150 to 600 pounds P 2 GS per 
acre the total phosphate content of the seedlings increased. This characteristic 
is more pronounced in the McClellan than in the Pima soil. Pima clay loam is 
abundantly supplied with available native phosphate, whereas the McClellan 
soils are deficient, according to evaluations based on the C02-extraction method. 

Phosphate content of the seedlings was not changed significantly as a result 
of additions of oat straw. Narrowing the C/N of the straw from 22 to 15 in the 
algae plus straw treatment or from 249 to 22 in the H3PO4 plus straw treatment 
by additions of nitrogen did not influence the amount of phosphorus absorbed 
by the plant. The short period of growth, the high rate of P application, and the 
low total uptake of phosphorus by the seedlings probably did not allow the influ- 
ence of the straw to be registered. Inasmuch as the O-P ratios of the treatments 
were small and varied only between 12 and 26, no influence on the phosphorus 
status of the seedlings was found. An experiment designed to demonstrate such 
an influence is reported later. 

Uptake of labeled phosphorus from treatments. According to table 4, the uptake 
of phosphorus from algal material and H 3 PO 4 by seedlings was as great in the cul- 
tivated McClellan as the Pima clay loam. An analysis of the data shows that the 
influence of a greater yield of seedlings and a lower proportionate demand for 
applied phosphate from the more fertile virgin soils is counterbalanced in the 
cultivated McClellan by a lower yield but a proportionately greater demand for 
applied than native phosphorus. Figure 1 brings this point out. 

The amount of C02“Soluble phosphorus in the soils is directly correlated with 
the utilization of phosphorus from the algae and liquid H3PO4. 

Figure 1 also shows that, regardless of the soil, the percentage of phosphorus 
in the plant increased as the rate of application was increased. Both algal mate- 
rial and liquid H3PO4 share this characteristic. The phosphate from algae appears 
to be as available to seedlings as that of the wholly soluble liquid H3PO4. 

In presence of extracted oat straw of a high C/N and C/P, phosphorus of algal 
material and liquid H3PO4 was taken up in about equal amounts. Moreover, the 
presence of this highly carbonaceous material did not appear to influence the 
over-all uptake or the percentage phosphorus in the seedlings from the labeled 
treatments. Narrowing the C/N by addition of nitrogen to the straw had little 
effect on the percentage uptake of phosphorus from the algae or H3PO4. These 
latter data were not plotted in the figure because the values are nearly identical 
with those of the straw without nitrogen treatment. 

Rate of availability of algal phosphorus 

There is some indication (14) that organic phosphorus compounds are available 
to plants, though it is generally accepted that phosphorus absorption is by way 
of ionized inorganic phosphates. The rate at which phosphorus of biological ma- 
terials such as that of algal material becomes available to plants depends on: (a) 
proportion of inorganic to organic phosphorus in the material; (6) fixation by 
chemical means in the soil; (c) fixation by microorganisms in the soil; and (d) rate 
of mineralization or release of inorganic phosphorus from organically bound 
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phosphoras. The last is brought about largely by the soil microorganisms. Earlier 
studies (2, 7) have showed that fixation of inorganic phosphorus is controlled 
almost wholly by the amount of available carbon present for microbial food. It 
follows that the food supply also controls the rate of release or mineralization 
of phosphorus that is organically combined. 

The obvious lack of knowledge regarding the influence of the aforementioned 
factors on the rate of release, in a form available for plant use, of phosphorus in 
organic combination prompted considerable experimentation on calcareous Ari- 
zona soils.® 



150 300 600 150 300 600 300 300 76150 

' V » ' , » ALGAE H3PO4 ' — ^ ' 

ALGAE LIQUID PHOSPHORIC ACJO ALGAE 

OAT STRAW 

TREATMENTS IN POUNDS PgOs PER ACRE 

Fig. 1. Percentage Phosphorus in Barley Seedlings from Algal Material and Liquid H 3 PO 4 

Applied to Three Soils 

Liquid Figure 2 affords a comparison between the rates of utilization 

of phosphorus as measured by percentage phosphorus in the plant derived from 
liquid H3PO4 applied to two soils. Since the root zone extends to all parts of the 
Neubauer pots, the amount of phosphorus absorbed by a growing plant from 
liquid HgP 04 applied to its root zone should depend only upon the rate at which 
the plant is capable of absorbing phosphorus in competition with the available 
native soil phosphorus. The slope of the curve in figure 2 from 1 day to the maxi- 

® Rogers, E. N. The rate of utilization of the phosphorus of algal cells by barley plants. 
1951. [Unpublished master^s thesis. Uni V. Arizona.] 
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mum should, therefore, represent the maximum rate at which phosphorus can 
be utilized from any phosphorus application to the soil in question. 

The McClellan soil, being poorer in available phosphorus than the Pima soil, 
produced seedlings having a higher percentage of their phosphorus from the 
H3PO4 treatment. The rate of uptake was similar in both soils. This appears to 
indicate that the same forces of fixation exist in the two soils in about the same 
relative proportion. The relationship between the amount of the phosphorus ab- 
sorbed from H3PO4 applied to the McClellan soil as compared with that absorbed 
from H3PO4 applied to the Pima soil throughout the incubation is the same as 
that reported in figure 1. 

The negative slope of the part of the curve extending from about 8 days to 21 
days indicates that phosphate-immobilizing reactions in the soil had been allowed 
sufficient time to limit the availability of the phosphorus. These observations 



Fig. 2. Rate of Utilization of Liquid HgPO by Barley Seedlings Over a Period of 35 Days 
as Measured by Percentage Phosphorus in Plants from Treatment Applied in Two Soils 

agree favorably with the rates of fixation of phosphorus reported by Hilbert et aL 
(8). After 21 days, phosphorus immobilization factors in the soils were in approxi- 
mate equilibrium with those of mobilization. 

Algal material The slopes of the curves in figure 3 show the relationship be- 
tween the rate of utilization of phosphorus of algal material added to McClellan 
and Pima clay loams. Since mineralization is defined as the conversion of organic 
phosphorus unavailable to plants into available inorganic phosphates, the curves 
in figure 3 do not represent rate of mineralization, but rather a balance between 
mineralization, on the one hand, and immobilization, on the other. 

The rate of absorption of phosphorus from algal material was greater in the 
sand cultures throughout the entire 35-day period than in the two soils. Undoubt- 
edly this was due, in part at least, to the absence of available native phosphorus 
in the sand. The difference in slope of the curves between the sand and soil cul- 
tures the first 21 days must be explained by other factors, however. Apparently 
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during this period the balance between the mineralization and fixation agents 
is slightly in favor of fixation in the soils compared with the sand, where fixation 
by chemical means is wholly absent and is limited only by biological factors. 

Comparison of figures 2 and 3 shows that the rate of utilization of phosphorus 
from algal material was much lower than that of liquid H3PO4 during the first 
8 or 9 days but it continued to increase to the sixteenth day. About the fifteenth 
day the two rates were equal. This explains the similarity between the utilization 
of algal and liquid H3PO4 phosphorus in the first experiment at the end of the 
fifteenth day of the culturing period. After about the sixteenth day the utilization 
of phosphorus from the algae exceeded that from the H3PO4. Though there is a 
slight negative slope to all curves after the sixteenth day, equilibrium apparently 
is established between immobilization and mineralization. 



Fig. 3. Rate of Utilization of Phosphorus from Algal Material Over a Period of 35 Days as 
Measured by Percentage Phosphorus in Barley Seedlings from Algae Applied to Two 
Soils. 

That there are marked characteristic differences between the rate of utiliza- 
tion of the phosphorus from algal material and liquid H3PO4 is due to funda- 
mental differences between the two sources. Algal material is carbonaceous; not 
all the phosphorus is water-soluble and some of the organic phosphorus is not 
extractable with cold dilute mineral acids. The phosphorus of liquid H3PO4, on 
the other hand, is wholly water-soluble. Although the water-soluble inorganic 
phosphorus of the H3PO4 as well as that of the algae presumably can be used 
instantaneously by the plant, the organically bound phosphorus of the algal 
material must depend upon enz 3 ane activity of the plant roots (15) and soil 
microorganisms for conversion into available form. 

Microbiological factor. To determine the influence of microbial activity on the 
availability of phosphorus from algal material and liquid H3PO4, McClellan clay 
loam was sterilized in an autoclave, treated with sterilized algae and H3PO4, and 
seeded to barley. The uptake of the phosphorus from the two sources was also 
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studied in sterilized and unsterilized sand cultures as a means of eliminating the 
influence of chemical fixation and isolating the effect of biological activity on 
phosphorus availability. The data obtained in this experiment are plotted in 
figure 4. The plants in the sterilized cultures were allowed to grow only 14 days, 
the maximum time during which the cultures could be kept free from microbial 
contamination. 

Phosphorus absorbed from the sterilized treatments was significantly greater 
than that from the unsterilized cultures. The difference in utilization of the algal 
phosphorus appeared to be controlled largely by microbial activity. Although 



Fig. 4 . Influence of Microbial Activity on Bate of Utilization of Phosphorus of Algal Ma- 
terial and Liquid H3PO4 Applied to McCellan Clay Loam 

microbial activity appeared to limit the utilization of phosphorus of H3PO4 
somewhat, chemical fixation appeared to be the dominant factor after the first 
week. 

Total phosphorus uptake. Total uptake of phosphorus from algal material and 
liquid H3PO4 applied to Pima clay loam and to sand over a 35-day period is shown 
in figure 5. The results indicate that some chemical fixation, either precipitation 
or adsorption, by the soil took place rather rapidly the first few days after the 
phosphate sources were applied. Such fixation did not appear to influence the 
immediate uptake of the H3P04-phosphorus so much as that from algal material. 
The presence of organically bound phosphorus in the algal material, in addition 
to chemical fixation, probably was responsible for the poorer total uptake from 
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the algae during the first 23 ^ weeks. The greater uptake of phosphorus from the 
algal material than from H3PO4 after the third week furnishes evidence that : (a) 
algal material is more available to plants over longer periods; (b) chemical fixa- 
tion is not so great a factor with the algal material as with liquid H3PO4; and (c) 
temporary conversion of available soil- or fertilizer-phosphorus into cell material 
by soil algae may be a desirable process from the standpoint of long-time avail- 
ability. The hypothesis, supported by the date presented here, is that the soil 
algae remove available phosphorus from the sphere of chemical fixation by con- 
verting it into cell material or by absorbing luxury amounts that later may be 
released gradually for plant use. 



Fig. 5. Rate of Uptake of Phosphorus of Algae and Liquid H 3 PO 4 by Bariey Seedlings 
in Pima Clay Loam and in Sand Over a Period of 35 Days as Measured by Total Phos- 
phorus in Plant from Treatments. 


Fig. 6 . Rate of Uptake of Phosphorus of Sterilized Algae and Liquid H3PO4 by Barley 
Seedlings in Sterilized McCellan Clay Loam and Sand as Measured by Total Phosphorus 
in Plant from Treatment. 


Total uptake data for sterilized cultures of McClellan clay loam and sand (fig. 
6) indicate that there is a rather large proportion of phosphorus in the algal ma- 
terial that can be rapidly utilized by plants in absence of an active micropopula- 
tion. The total uptake of phosphorus from algal material compared with that 
from H3PO4 indicates that : (a) chemical fixation is less dominant with the organic 
source; (6) there is less available phosphorus in the algal material; (c) the 

activity of microorganisms exercises a greater influence on the utilization of phos- 
phorus by plants from the algal material than do chemical factors. 

Determination of the inorganic phosphorus in the algal material indicated that 
82 per cent of the total phosphorus present was in this form. According to this 
value, phosphorus available for plant use apparently was abundant in the algal 
material, and uptake should be comparable to that of liquid H3PO4. The marked 
lag in uptake from the algal material the first week, in comparison with liquid 
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H3PO4, raises some doubt of the accuracy of the Pons and Guthrie method for 
determining inorganic phosphorus of algal material. Pons and Guthrie (14), as 
well as Kamen and co-workers (9, pp. 172-173), warn that some nonphytic or- 
ganic phosphorus compounds may be appreciably hydrolyzed by the extraction 
solution used. An attempt was made to reduce hydrolysis to a minimum in the 
extraction of the algae by keeping the temperature of the extraction below 10° C. 
Nevertheless, the foregoing value for the inorganic phosphorus content of the 
algal material may be relatively high. 

If it can be assumed that the total amount of phosphorus absorbed by the 
plants in the sterilized sand cultures represents the total amount of inorganic and 
easily hydrolyzable phosphorus present in the algal material, then the readily 
available phosphorus content of the algae can be estimated. Figure 6 shows that 
2.9 mgm. of phosphorus was absorbed by the seedlings from the algae applied 
to the sterilized sand cultures; and since 4.4 mgm. of the phosphorus was applied, 
this would indicate a readily available phosphorus content of 65.9 per cent. This 
value compares favorably with the 55.4 per cent water-soluble and easily hydro- 

TABLE 5 


Effect of varying C-P ratios on percentage phosphorus in barley seedlings from algal material 

added to McCellan clay loam 


TREATMENTS 

PHOSPHORUS IN PLANT 
ESOM ALGAE 

C/P 

Soil (unsterilized) -i- algal material 

per cent 

13.9 

4,6 

Soil (sterilized) 4- algal material -f- extracted oat 
straw 

10.3 

24.4 

Soil (unsterilized) -f algal material -f extracted oat 
straw 

7.8 

24.4 



lyzable organic and inorganic phosphorus reported for microbial tissues by 
Bartholomew and Goring (3). 

Effect of C/P on availability of algal phosphorus 

Phosphorus as well as nitrogen can be immobilized by microorganisms; there- 
fore, addition of available carbon sources may be expected to increase microbial 
activity, resulting in a demand for phosphorus in proportion to microbial activity 
(7). To demonstrate the influence of crop residues on the availability of phospho- 
rus to plants, extracted oat straw was added to sterilized and unsterilized 
McClellan soil with algal material, incubated 21 days, and seeded to barley, the 
Neubauer technique being used. A 21-day incubation period was used because a 
previous experiment involving no incubation prior to seeding was inconclusive. 
The barley seedlings were harvested in 15 days. Thus the phosphate source was 
in contact with the soil a total of 35 days. 

The influence of organic plant material on the availability of phosphorus of 
the algal material is clearly shown in table 5. The presence of extracted oat straw 
had little effect on the availability of phosphorus in sterilized cultures. Utilization, 
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on the other hand, was significantly decreased by addition of oat straw to the 
unsterilized soil-algae cultures. Presence of the oat straw caused an increase in 
the activity of the mieropopulation, which in turn increased the demand for 
available phosphorus, resulting in temporary immobilization. 

SUMMARY 

The comparative availability of the phosphorus of algal material and liquid 
H 3 PO 4 to barley plants was studied by the Neubauer technique. Variations in 
rate of application, soils, time of incubation, mieropopulation, and C-N and 
C-P ratios were considered. 

Although the usual Neubauer method of testing soils for available phosphorus 
indicated that the phosphorus of algae and liquid H3PO4 is taken up in approxi- 
mately equal quantities by barley seedlings in 15 days, a detailed study employ- 
ing a modification of the Neubauer technique to determine the rate of uptake of 
the phosphorus over a 35-day period showed that there are characteristic differ- 
ences in rate of utilization between the two sources. 

The rate of utilization of phosphorus of liquid H3PO4 appears to be influenced 
to a greater extent by chemical than microbiological factors. This situation was 
reversed for the algal material. There also was some indication that over a long 
period the phosphorus of algae is slightly more available to plants growing in 
soils than is that of the wholly inorganic phosphorus of liquid H3PO4. 

The presence of available carbon and an active soil mieropopulation appears 
to influence the rate of utilization of available phosphorus according to the C/P 
of the added material. Widening the ratio from 4.6 to 24.4 was shown to reduce, 
in the barley seedlings, the percentage phosphorus taken from the algal source. 
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It is generally supposed that acid soils are inferior to neutral or slightly alkaline 
soils in both quantitative and qualitative production of crops. Field trials have 
shown that proper liming will increase production and also improve the quality 
of the crops, for instance, by increasing Ca content. Consequently, liming is 
recommended for acid soils. 

In the writer’s experience, however, a deficiency of P in the feed of domestic 
animals is far more common than a deficiency of Ca. Analyses of Swedish soils 
(3, 4) have also disclosed that a deficiency of P is very common in acid soils. The 
content of readily soluble Ca is generally several hundred times larger than the 
content of readily soluble P. For improvement of the acid soils, and probably also 
for improvement of the crops grown on such soils, addition on P must be of 
greater importance than addition of Ca. 

Standard fertilization (1, 3, 4) is based on the results of a reliable soil analysis, 
and therefore the deficient nutrients are added in suflScient quantities to bring 
about an appropriate nutritional standard in the soils, especially in acid soils. It 
has been shown that standard fertilization will increase the yields to such a degree 
as to make liming superfious. This paper considers the influence of standard fer- 
tilization upon the quality of the crop. 

MATERIALS AND METHOBS 

Standard fertilization was tried in field experiments on more than 50 farms in 
various parts of Sweden, the humidity of the climate being the main factor ob- 
served (3, 4). A few of the soils were neutral, though most of them were acid. The 
lowest pH value encountered in mineral soils was 6.2, but in humus soils values as 
low as pH 4.3 were found. On each experimental field, samples of topsoil (0-20 
cm.), of subsoil (20-40 cm.), and of lower layers down to 100 cm. were collected 
and analyzed for readily soluble plant nutrients according to the writer’s method 
(1, 3, 4). On the basis of the analytical data, the quantities of artificial fertilizers 
needed, in addition to the quantities of farmyard manure commonly used, to 
bring about standard fertilization were calculated. All soils were found to require 
P; phosphate fertilization therefore proved to be of the greatest importance. Ad- 
dition of K was needed in about 75 per cent of the experimental fields. N was 
applied in small quantities only.^ 

In every case the whole experimental field first received standard fertilization 
and then was divided into unlimed plots and plots limed to 3^2, 
and (full) lime-absorbing capacity of the topsoil, determined according to the 

1 According to the soil analyses, only P, K, and N were required. Sufl&cient quantities 
of Ca, Mg, Mn, and other plant nutrients were found to be present in the soils studied. 
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method of Jensen (6). Full liming denotes the amount of slaked lime per hectare 
required to bring the topsoil layer to pH 7.0. On mineral soils, this was generally 
10 to 30 tons; on humus soils, up to 48 tons.^ 

The experimental fields followed the usual crop rotation of the farm. A typical 
one was: 1, fallow (start of experiment); 2, winter grain, mostly wheat; 3, spring 
grain; such as wheat, oats, or mixed grain; 4, hay; 5, hay; 6, hay or winter wheat; 
7, oats or mixed grain. The hay crops were a mixture of clover, mostly red clover, 
and timothy grass. In some cases root crops or potatoes were included in the ro- 
tations. Samples of the crops were collected at harvest time, and the quality was 
determined in various ways. 


TABLE 1 

Influence of liming the soil on botanical composition of hay on standard-fertilized fields 


DEGltEES OF LIMING 


SOIL TYPES AND PLANTS 



0 

1/32 

1/16 

1/8 

1/4 

1/2 

1/1 

Mineral soils 









Clover 

.per cent 

52.35 

61.62 

50.99 

50.96 

50.24 

49.44 

49.24 

Grasses 

.per cent 

42.12 1 

42.63 

43.35 

43.56 

43.96 

44.68 

44.82 

Weeds 

Humus soils 

.per cent 

5.53 

5.75 

5.66 

5.48 

5.80 

5.88 

5.94 

Clover 

.per cent 

25.62 

24.86 

26.21 

25.52 

26.68 

26.35 

26.38 

Grasses 

.per cent 

68,28 

68.32 

68.00 

68.48 

67.40 

67.64 

67.12 

Weeds 

.per cent 

6.10 

6.82 

5.79 

6.00 

5.92 

6.01 

6.50 


RESULTS 

Botanical composition of hay 

When the hay was cut, the composition of the stand was determined. The re- 
sults are shown in table 1. Obviously, liming (and soil reaction) had very little 
influence on the botanical composition of hay when the nutritional standard was 
satisfactory. The type of soil, on the other hand, had a great influence. 

Mineral constituents of hay 

The clover and grasses in the hay were analyzed. The mean values of 67 har- 
vests of clover are shown in table 2. The influence of liming was slight. There 
was a small increase of N from 1.89 per cent on unlimed plots to 1.96 per cent on 
fully limed plots. There was also a small increase in P. Probably the increases were 
more apparent than real. Table 1 shows that the percentage of clover tended to 
decrease on mineral soils with increased liming. This implies that clover becomes 
suppressed by the grasses and at harvest time is less well developed than that on 
unlimed plots. It is a well-known fact that the percentage of mineral constituents 
decreases with age. In other respects, liming had no influence. It is especially to 

2 Slaked lime was added solely for the purpose of changing the pH of the soil. The ques- 
tion was: Does standard fertilization increase fertility to such a degree that yields are 
unaffected by liming? 
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be noted that the Ca content was not afifected by liming. In standard-fertilized 
soils the uptake of nutrients is apparently unaffected by liming and soil reaction. 
The analyses of grasses gave similar results, except that liming and soil reaction 
had no influence on the uptake of N and P. The Ca content alone increased 
slightly (3). 


TABLE 2 

Influence of liming the soil on contents of nitrogen and certain mineral constituents of clover 

hay on standard-fertilized fields 


Results on total -weight basis 


DEGREE OP 

ANALYSIS OF CLOVER 

LIAiXNG 

Dry matter 

N 

P 

Si 

Ca 

K 

Mn 

Mg 

1 

% 

% 

% 

% 

% 

% 

% 

% 

0 

85.00 

1.89 

0.164 

0.068 

1.07 

1.06 

0.0025 

0.308 

1/32 

85.00 

1.84 

0,158 

0.091 

1.10 

1.03 

0.0020 

0.336 

1/16 

85,00 

1.91 

0.168 

0.077 

1.07 

1.07 

0.0025 

0.326 

1/8 

85.00 

1.91 

0.168 

! 0.077 

1.06 

1.07 

0.0028 

0.304 

1/4 

85.00 

1.93 

^ 0.169 

0.063 

^ 1.07 

1.03 

0.0024 

0.318 

1/2 

85.00 

1.93 

0.171 

0.064 

1.07 

1.05 

0.0023 

0.302 

1/1 

85.00 

1.96 

0.171 

0.074 

1.08 

1.03 

0.0021 

0.299 


TABLE 3 


Influence of liming the soil on contents of nitrogen and certain mineral constituents of grai n 

mostly wheat 

Results on total-weight basis 


DEGREE OP 1 

ANALYSIS OP GRAIN 

LIMING 

Dry matter 

N 

P 

Si 

Ca 

K 

Mn 

Mg 


% 

% 

% 

% 

% 

% 

% 

% 

0 

87.00 ! 

1.71 

0.323 

0.015 

0.034 

0.26 

0.0019 

0.094 

1/32 

87.00 i 

1,70 

0.337 

0.013 

0.032 

0.27 

0.0020 

0.093 

1/16 

87.00 ! 

1.69 

0.324 

0.009 

0.033 I 

0.27 

0.0020 

0.096 

1/8 

87.00 

1.69 

0.330 

0.010 

0.033 

0.28 

0.0019 

0.101 

1/4 

87.00 

1.71 

0.335 

0.012 

0.034 

0.28 

0.0019 

0.098 

1/2 

87.00 

1.73 

0.334 

0.009 

0.033 

0.28 

0.0019 

0.101 

1/1 

87.00 

1.73 

0.336 

0.007 

0.032 

0.28 

0.0019 

0.103 


Mineral constituents of grain 

Table 3 shows the results of analyses of 53 harvests of winter wheat, spring 
wheat, and winter rye, grain mainly for human consumption. Obviously, liming 
exerted only a slight influence on the composition of the grain. The nitrogen 
content increased from 1.71 per cent to 1.73 per cent, and phosphorus from 0.323 
per cent to 0.336 per cent or about 4 per cent. The content of calcium has not in- 
creased. 

Analyses of 61 harvests of oats gave similar results (3). 
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The weight of 1,000 kernels of winter wheat, spring wheat, and oats was deter- 
mined. No influence of liming could be detected, but climate and soil type had 
a marked influence (3). The kernels were heavier on mineral soils than on humus 
soils. A somewhat arid climate (yearly precipitation about 500 mm.) produced 
heavier kernels than did a somewhat humid climate (yearly precipitation up to 
1,000 mm.). The weight per 100 liters of grain varied in the same manner, but no 
influence of liming was observed (3). 


Baking quality of winter wheat 

The baking quality of winter wheat, the first crop after liming, was deter- 
mined on the harvests of nine experimental fields. The results are summarized 
in table 4. Of the qualities deternained, only protein content and the volume of 
bread were slightly influenced by liming. In this case the protein content was 
more markedly influenced than the N content shown in table 3. The fact that 



TABLE 4 

Influence of liming the soil on the baking quality of winter wheat 

DEGREES OP LIMING 

QUALITIES DETERMINED ■ 

0 1/32 1/16 1/8 1/4 1/2 1/1 


Dutch weight 126.0 126.8 126.6 124.9 127.2 124.6 125.7 

Germination... yer cent 1.48 2.18 2.02 2.52 1.83 2.40 2.23 

Molin units 29.7 29.0 29.8 30.2 29.3 30.7 30.0 

Protein yer cent 11.36 11.36 11.43 11.56 11.78 12.04 12.26 

Dough per 100 gm. flour. .. . 155.9 155.9 154.7 154.7 155.2 155,2 155.6 

‘^Drop”.... degrees 132 129 134 136 131 127 122 

Volume of bread cc. 550 552 554 559 573 578 575 


baking quality was tested only on the first crop after liming explains the ap- 
parent influence in this case. 



Feeding value of grain and hay as determined by chemical analysis 

The feeding value of grain and hay was determined by oflficial Swedish meth- 
ods.® 

Table 5 shows the mean values of analyses of eleven harvests of winter wheat, 
four harvests of spring wheat, and three harvests of winter rye. From the figures 
it is clear that there is a slight increase of pure protein, of digestible protein, and 
of crude fat due to liming. In other respects no influence of liming can be de- 
tected. Analyses of 15 harvests of oats gave very similar results (3). 

The hay was generally cut at the flowering stage. Samples were collected dur- 
ing harvest and dried under cover. The samples were divided into clover, grasses, 
and weeds, of which the clover and grasses were analyzed. Table 6 gives the 
results of analyses of 24 harvests of clover. Obviously, liming did not influence 

3 Statens Lantbrukskemiska Kontrollanstalt 1940 (Unpublished). 
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the composition to any appreciable degree. Analyses of 26 harvests of grasses 
gave even more closely similar results (3). 

Weight of experimental animals fed crops 

An analysis of a crop gives a number of data, but there may be other qualities 
in the crop than those determined by one or more analyses. If any such quality 
is of importance, from the nutritive point of view, this fact should be brought 
out by feeding experiments. For instance, palatability has a marked influence 

TABLE 5 


Influence of liming the soil on the feeding value of cereals 


DEGEEE OF LIMING 

Dav 

MATTER 

CRUDE 

PROTEIN 

PURE 

PROTEIN 

DIGEST- 

ABLE 

PROTEIN 

CRUDE 

PAT 

CRUDE 

FIBER 

SOLUBLE 

CARBO- 

HYDRATES 

ASH 


% 

% 

% 

% i 

% 

% 

% 

% 

0 

87.00 

12.33 

9.32 

8.68 

1.49 

1.91 

1 69.59 

1.68 

1/32 

87.00 

12.07 

9.28 

! 8.90 

1.50 

1.85 

69.91 

1.67 

1/16 

87.00 

12.13 

9.52 

9.12 

1.55 

1.90 

69.79 

1.63 

1/8 

1 87.00 

12.35 

9.57 

9.12 

1.55 

1.86 

69.59 

1.65 

1/4 

87.00 

12.08 

9.59 

9.19 

1.63 

1.84 

69.81 

1,64 

1/2 

87.00 

12.11 

9.66 

9.20 

1.63 

1.88 

69.74 

1.64 

1/1 

87.00 

12.52 

9.71 

9.22 

1.60 

1.79 

69.44 

1.65 


TABLE 6 

Influence of liming the soil on the feeding value of hay of clover 


DEGREE OF LIMING 

DRY 

MATTER 

CRUDE 

PROTEIN 

PURE 

PROTEIN 1 

DIGEST- 

ABLE 

PROTEIN 

CRUDE 

FAT 

CRUDE 

FIBER 

SOLUBLE 

CARBO- 

HYDRATES 

ASH 


% ! 

% 

% 

% 

% 

% 

% 

% 

0 

85.00 ^ 

13.10 

11.13 

8.09 

2.15 

24.89 

38.73 

6.13 

1/32 

85.00 

13.09 

11.12 

8.10 

2.16 1 

24.91 

38.73 

6.11 

1/16 

85.00 

13.13 

11.20 

8.16 

2.17 

24.44 

39.30 

5.97 

1/8 

85.00 

13.19 

11,21 

8.17 

2.14 

25.10 

38.49 

6.08 

1/4 

85.00 

13.11 

11.15 

7.96 

2.17 

24.97 

38.66 

I 6.09 

1/2 

85.00 

13.12 

11.13 

8.14 

2.14 

1 25.21 

38.37 

i 6.16 

1/1 

85.00 

13.09 

11.29 

8.33 

2.19 

24.87 

38.78 

i 6.07 


on the uptake of feed, and if the experimental animals are fed ad libitum the more 
palatable feed ought to produce a more rapid increase in weight. Eighteen experi- 
ments were carried out on rats fed mainly on grain, 12 on guinea pigs fed hay and 
grain, and 15 on rabbits fed hay and grain. A few typical experiments are sum- 
marized here. 

Experiment 7 (rats). Winter wheat from experimental field K70 constituted the 
main feed in this experiment. Supplementary feeds comprised cheese, 0.25 gm. a 
day imtil the rats attained a weight of 70 gm.; gelatin, 0.5 gm. a day throughout 
the experiment; cod liver oil, one drop a day; tap water. 

The experimental field K70 was laid out on medium clay, with a humus content 
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of 5.08 per cent and a pH of 5.6. The lime-absorbing capacity of the topsoil was 
16 tons of slaked lime per hectare. Standard fertilization, the total for 7 years, 
was calculated as 40 tons farmyard manure, 13 kgm. N, 82 kgm. P, and 33 kgm. 
K per hectare. 

The wheat was crushed and given ad libitum. The feeding value of the wheat, 
determined by analytical methods, showed a negligible increase in pure protein 
and digestable protein due to liming. 

Three male and three female rats were included in each group. The experi- 
mental animals from a number of litters were distributed evenly among the 
groups. If a litter contained 14, which was not uncommon, it was possible to use 
two individuals for each of seven groups. Usually, however, only seven individ- 
uals from each litter could be used. The weight of the animals was recorded once 

TABLE 7 

Influence of liming the feed-producing soil on increase in weight of rats 
Averages for six replicates 


DEGREE OE LIMING OE SOIL 




0 

1/32 

1/16 

1/8 

1/4 

1/2 

1/1 

Weight at start. .... 
Gain 

. ..gm. 

52.3 

54.2 

50.5 

51.7 

49.0 

50.3 

49.1 

1st week 

. . .gm. 

8.3 

11.2 

11.2 

14.5 

; 13.0 

13.3 

13.5 

2nd week 

. . .gm. 

18.3 

18.0 

18.3 

17.8 

18.8 

17.0 

16.7 

3rd week 

. . .gm. 

16.7 

17.7 

i 17.7 

18.3 

17.7 

18.5 

1 17.7 

4th week 

...gm. 

15.2 

13.8 

13.0 

13.8 

14.3 

11.7 

13.8 

5th week 

...gm. 

18.3 

15.8 

14.8 

17.8 

16.0 

17.0 

13.7 

6th w^eek 

. ..gm.\ 

8.3 

12.0 

8.7 ^ 

11.5 

11.0 

9.3 

11.5 

7th week 

. ..gmJ 

10.7 

10.2 

10.7 

12.2 

10.5 

10.7 

12.8 

8th week 

. ..gm. 

8.0 

10.8 

8.2 

12.7 

10.2 

11.7 

10.5 

Mean per week. . . 

. . .gm. 

13.0 

13.7 

12.8 

14.8 

13.9 

13.6 

13.7 


m — 1.1; mdiff. =* 1.6. 


a week. The results are shown in table 7. Clearly, there is no significant influence 
on the increase in weight of the experimental animals from the liming of the soil 
that produced the main feed. Moreover, the supplementary feeds were given in 
such small quantities that they could not possibly obscure any appreciable 
difference caused by liming. 

Experiment 14 (rats). To bring out any possible difference in the feed caused 
by liming, the supplementary feeds were gradually reduced until only the main 
feed, grain, was given, although Hart and McCollum (5) have shown that rats 
are unable to survive for very long on a diet of grain only. In this experiment the 
rats were given only crushed wheat and distilled water for 11 weeks. The vfinter 
wheat was harvested on experimental field K51 (4). According to analyses, liming 
had virtually no influence on the composition of the grain except for a slight rise 
in P, Of 42 rats included in the experiment only one died during the experimental 
period. Weekly increase in weight per animal was very low: liming degree 0, 3.2 
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H 2 , 2.9 gm.; He* 3.0 gm.; H, 2.9 gm.; H* 3.6 gm.; H* 3.1 gm.; and H* 3.5 
gm. No significant difference in the gain in weight could be determined (3). 

Experiment S {guinea pigs). The main feed, hay from experimental field K71, 
containing an average of 63 per cent clover, was given ad libitum. Supplementary 
feeds comprised (a) bread made of 1 kgm. ^^Gluten S,” manufactured from wheat 
grain, plus 2 kgm. potato flour, plus 50 gm. (NH 4)2 CO 3 . The daily ration was 3 
gm. during the first 3 weeks and 5 gm. thereafter (5) swedes, 2 gm. per day during 
the first 3 weeks and 5 gm. thereafter. Tap water was given to the guinea pigs. 

The experimental field was laid out on light clay with a humus content of 5.30 
per cent and a pH, of 5.6. The lime-absorbing capacity of the topsoil was 19.2 
tons of slaked lime per hectare. Standard fertilization, the total for 7 years, was 
calculated as 60 tons farmyard manure, 16 kgm. N, 78 kgm. P, and 50 kgm. K 
per hectare. 

TABLE 8 

Influence of liming the feed-producing soil on increase in weight of guinea pigs 
Averages for eight replicates 


DEGKEE OE LIMING OP THE SOIL 




0 

i/32 

1/16 

1/8 

1/4 

1/2 

1/1 

Weight at start 

Gain 

gm. 

205.8 

211.6 

191.0 

193.5 

201.0 

207.1 

194.0 

1st week 

gm. 

25.4 

28.3 

23.4 

20.8 

26.9 

24.1 

24.7 

2nd week 

gm. 

20.3 

13.3 

19.6 

22.8 

19.4 

17.9 

19.8 

3rd week 

gm. 

16.0 

22.5 

15.9 

10.8 

14.1 

11.6 

10.8 

4th week 

gm. 

17.9 

14.4 

16.1 

19.6 

20.6 

15.9 

13.9 

5th week 

gm. 

17.0 

18.9 

20.7 

19.5 

19.5 

20.3 ' 

17.2 

6th week 

gm.\ 

10.9 

16.6 

15.0 

12.4 

11.5 

16.0 

13.5 

7th week 

gm. 

19.0 

22.1 ! 

18.9 

19.5 

21.5 

13.7 

20.1 

8th week 

gm. 

14.3 

13.6 1 

15.4 

13.4 

15.8 

15.9 

1 12.2 

9th week 

gm. 

16.5 

20.4 

19.6 

17.8 

19.0 

19.6 

15.5 

Mean per week 

gm. 

17.4 

18.9 

18.4 

17.3 

18.7 

17.3 

16.4 


m = 0.7; mdiff. = 1.0. 


The feeding value of the hay, clover, and grasses was determined individually 
by the customary analyses. No significant difference caused by liming could be 
detected. The experimental bread contained 13.09 per cent digestible protein, 
53.44 per cent soluble carbohydrates, 0,014 per cent P, and 0.080 per cent Ca. It 
was intended to be a feed rich in '^pure” nutrients and poor in salts and vitamins. 
The swedes furnished the necessary amounts of vitamin C. 

Four male and four female animals comprised each group. The weight was 
determined at weekly intervals. In table 8 the average increases in weight are 
recorded. The results show that there is no significant difference between the 
groups. Liming on the field producing the main feed had no effect on the feeding 
value- The supplementary feeds were given in such small quantities that they 
could not have obscured any appreciable differences in the hay from limed and 
unlimed plots. 


438 


ALFEED Islander 


Experiment 11 {guinea pigs). The main feed was crashed oats from experimen- 
tal field K66, given ad libitum. The supplementary feeds were hay from experi- 
mental field K60, 10 gm. per day, and vitamin C in drinking water (distilled 
water), 8 mgm. and ascorbic acid per 25 ml. water. 

Full liming on experimental field K66 (pH 5.4) required 18.0 tons of slaked 
lime per hectare and on experimental field K60 (pH 5.8) 11.4 tons. Standard fer- 
tilization required only medium quantities of fertilizers. Analyses of the oats and 
of clover and grasses in the hay disclosed no significant differences caused by 
liming (3). 

The feeding experiment was carried on for 11 weeks. The average weekly gains 
in weight per animal were as follows: no liming, 13.9 gm.; 13.8 gm.; 

14.0 gm.; 13.8 gm.; 13.2 gm.; 3^, 13.6 gm.; and K, 14.2 gm.; m, 0.9; m^m,, 
1.2. No significant difference in feeding value caused by liming the land could be 
detected. 

TABLE 9 

Influence of liming the feed-producing soil on increase in weight of rabbits 
Averages for four replicates 


DEGREE OE DIMING OE THE SOU. 



1 

j 

0 

1/32 

1/16 

1/8 

1/4 

1/2 

1/1 

Weight at start 

Gain 

gm. 

986 

957 

880 

939 

1005 

902 

908 

1st week. 

gm. 

201 

152 

187 

152 

173 

172 

166 

2nd week. 

....... gm. 

260 

239 

212 

237 

208 

201 

235 

3rd week 

gm. 

199 

‘ 153 

192 

203 

184 

186 

193 

4th week . 


226 

288 

242 

181 

222 

212 

S 232 

5th week 

gm. 

208 

1 176 

204 

i 230 

185 

190 

! 208 

6th week 

gm. 

121 

1 146 

158 

1 138 

136 

112 

109 

Mean per week 

gm. 

203 

i 192 

199 

190 

185 

181 

1 

191 


m == 8,1; mdiff. = 11.5. 


Experiment 6 {rabbits). The main feed, hay from experimental field K50, con- 
taining about 75 per cent clover, was given ad libitum. Supplementary feeds were 
experimental bread, 20 gm. per day and swedes, 25 gm. per day. Tap water was 
given to the rabbits. 

The experimental field was on medium clay with a humus content of 3.08 per 
cent and a pH of 5,8. Full liming required 11.7 tons of slaked lime per hectare. 
Standard fertilization for 4 years required 20 tons farmyard manure, 20 kgm. N, 
and 80 kgm. P. No addition of K was found to be necessary. Analyses of the hay 
showed no influence of liming on the composition (3). 

Two male and two female animals made up each group. The weights of the 
animals were recorded once a week. The results, shown in table 9, indicate no 
influence of liming on the feeding value of the hay. 

Experiment 15 {rabbits). The main feed was oats from experimental field KlOO, 
given ad libitum. Supplementary feed was hay from experimental field K96, 30 
gm. per day. Distilled water was given to the rabbits. 
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Field experiment KlOO was on heavy clay with a humus content of 4.75 per 
cent and a pH of 5.9. Full liming required 16.7 tons of slaked lime per hectare. 
Field experiment K96 was on light clay with a humus content of 7.68 per cent 
and a pH of 5.6. Full liming required 20,8 tons of slaked lime per hectare. 
Standard fertilization required only medium quantities of fertilizers. Analyses 
of the oats disclosed a slight increase in digestible protein, from 7.07 per cent on 
unlimed plots to 7.85 per cent on fully limed plots. In the clover and grasses of 
the hay, the tendency was somewhat in the opposite direction (3). 

The feeding experiment lasted 11 weeks. The increase in weight was much 
slower than in experiment 6. The proteins of the oats were not so satisfactory as 
the proteins of the hay. The average weekly increases in weight per animal were 
as follows: liming degree 0, 85 gm.; }i 2 , 88 gm.; 85 gm.; 85 gm.; 84 
gm.; 3-^, 78 gm.; and 88 gm.; m, 6.8; mdat, 9.6. No influence on the feeding 
value of the feeds could be detected from liming the land (3). 

Bone development of experimental animals 

It is generally believed that liming acid soils will improve the influence of crops 
on bone formation. Several methods vrere used, therefore, to determine the ossi- 
fication of the bones of animals in the feeding experiments. 

When the experimental animals were killed at the end of the feeding experi- 
ment, the thoracic cavity was cut open to observe any symptom of rachitis on 
the ribs. In rats and guinea pigs the characteristic swelling of the cartilage was 
observed in a few cases, but no connection between the swelling and the kind of 
feeds could be found. They were purely individual variations among the animals 
(3). ^ ^ 

Histological studies also were made on sections cut from femurs. No influence 
exerted by the feeds upon the structure could be noted. 

When the experimental animals were killed, the femurs were cut out, cleaned 
of all soft tissues, dried at room temperature, and analyzed for N, Ca, and P. 
The results, recorded in table 10, show several instances in which the feed un- 
doubtedly influenced the chemical composition of the bones. Though lack of 
space prevents lengthy discussion, it can be said that liming of the feed-producing 
soil proved to have no beneficial influence on the ossification of the bones. 

X-ray determinations on the femur and the metatarsal bones were made by 
the method of Aslander and Tornqvist (2). X-ray photographs were taken at the 
start, in the middle, and at the end of the feeding experiment. The results showed 
that timing the feed-producing soil had no influence on the ossification of the 
bones of the experimental animals. 

Other effects on experimental animals 

When the experimental animals were killed at the end of the feeding experi- 
ments the weights of vital organs — ^heart, liver, spleen, kidneys, and testes — 
were determined. Considerable differences in these weights were found, mostly 
connected with differences in live weight. When the weights of the organs were 
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expressed in percentages of live weights, however, no significant influence of 
liming the feed-producing soils could be detected. 

The weights of the carcasses of the rabbits were determined and compared 
with the live weights. When hay was the main feed, the weight of the carcass was 
slightly less than 50 per cent of the live weight; the hay gave a lean body. Oats 

TABLE 10 

Influence of liming the feed-producing soil on chemical composition of the bones of 
experimental animals 


DEGREE OP LIMING OP THE SOIL 


GROUPS OP ANIMALS 

0 

1/32 

1/16 

1/8 

1/4 

1/2 

1/1 

Mean 

value 

Rats 

Main feed: wheat 










N 

...% 

5.93 

5.97 

5.61 

5.39 

5.47 

5.47 

5.48 

5.64 

Ca 


19.46 

19.53 

18.49 

18.39 

17.96 

16.92 

14.41 

17.88 

p 

Main feed: oats 


9.08 

9.20 

8.77 

8.83 

9.16 

8.21 

7.92 

8.74 

N 


5.64 

5.50 

5.92 

5.11 

5.41 

5.47 

6.15 

5.64 

Ca 


16.53 

15.97 

16.46 

16.23 

15.91 

15.74 

16.53 

16.19 

P 


7.53 

7.39 

7.44 

7.25 

7.82 

7.81 

7,84 i 

7.58 

Guinea pigs 

Main feed: hay 










N 


4.33 

4.32 

4.53 1 

4.65 

4.64 

4.55 

4.21 

4.46 

Ca 


17.97 

17.89 

18.10 

18.76 

18.14 

18.28 

17.43 

18.07 

P 

Main feed: oats 

■ ■% 

8.40 

8.57 

8.53 

8.63 

8.59 

8.51 

i 8.28 

8.50 

N 


5.63 

5.80 

5.89 

5.53 

5.83 

5.54 

5.38 

5.66 

Ca 


18.28 

18.67 

18.26 

18.14 

18.41 

18.31 

18.71 

18.38 

P 


8.94 

8.50 

9.07 

9.02 

9.09 

9.12 

9.08 

8.97 

Rabbits 

Main feed: hay 










N 


3.13 

3.20 

3.15 

3.17 

3.30 

3.32 

3.55 

3.26 

Ca 


15.84 

15.70 

15.78 

15.66 

15.89 

15.94 

16.95 

15.96 

P 

Main feed: oats 


8.44 

8.23 

8.35 

8.43 

8.47 

8.26 

8.29 

8.35 

N... 


4.62 

4.52 

4.03 

4.22 

4.52 

4.14 

4.12 

4.31 

Ca 


20.40 

20.44 

20.76 

20.12 

20.44 

20.38 

20.21 

20.39 

P. 


9.08 

9.37 

9.00 

9.92 

9.04 

9.30 

9.20 

9.40 


as the main feed gave carcass weights somewhat above 50 per cent of the live 
weights; more fat was produced. No influence of liming the feed-producing soils 
could be detected (3). 

DISCUSSION 

The common assumption that acid soils always produce inferior crops is not 
confirmed by the present investigation. Moreover, this investigation seems to be 


SOIL FERTILIZATIO]^ AND CROP QTJALITT 


441 


comprehensive enough and the methods of determining the qualities are sufS- 
ciently numerous and thorough to give reliable results. All the results indicate 
that liming has veiy little or no influence on the quality of crops grown on initially 
acid soils. An exception is, perhaps, the baking quality of wheat harvested as the 
first crop after liming, in which case a slight improvement may be noted with 
increased liming to neutrality of the soil Probably this represents an effect of the 
action of lime upon the organic matter in the soil. Lining will induce a more or less 
rapid decomposition of the organic matter (7), resulting in increased nitrate 
production. Again, it has been shown that proper nitrate fertilization of wheat 
will increase the gluten content of the grain and thus also the baking quality of 
the wheat. 

In other respects no appreciable influence of liming on the quality of the crops 
has been detected. In other investigations, for instance, by Smith and Hester (8), 
it has been shown that liming exerted a very marked and very favorable influence 
on the quality of the crops. The conflicting results of the two sets of investiga- 
tions are, in the writer’s opinion, explained by the fact that the writer used 
standard fertilization on all the experimental fields (3, 4). Standard fertilization 
is calculated on the basis of a reliable soil analysis and by judging other crop- 
producing qualities besides the nutritive standard of the soil. Nutrients found in 
too small quantities in the soil are added in sufficient amounts to bring the nutri- 
tive standard of the soil up to the optimum so far as our present knowledge 
permits. There seems to be a likelihood of coming close to the optimum, as very 
heavy yields have been obtained on previously low-yielding acid soils. Additional 
support to the claim that standard fertilization probably has produced somewhat 
optimal nutritive conditions in the acid soils is afforded by the fact that the 
quality of the crops on standard-fertilized soil appears to be equal on unlimed 
plots and on plots increasingly limed to neutrality. 

SUMMARY 

Yields from field experiments on standard-fertilized acid soils unlimed and 
limed from 3^2 to full lime-absorbing capacity, that is to neutrality, were tested 
in various ways to determine the influence of liming the soil on the quality of the 
crops. 

Liming had no appreciable influence on the percentage of clover and grasses 
in hay or on the mineral composition of the plants. 

Some grain crops, especially winter wheat harvested as the first crop after 
liming, showed a slight increase in nitrogen content with increased liming, and 
consequently a slight increase in protein content and baking quality, but in 

other respects no appreciable influence of liming could be detected. 

The feeding value of either hay or grain, determined according to official 
chemical methods, was in general unaffected by liming. In some cases a slight 
increase in protein occurred with increased liming. 

Gomprehensive feeding experiments on rats, guinea pigs, and rabbits failed 
to disclose any difference in the feeding quality of the crops due to liming. In- 
crease in animal weight was equal with feed from unlimed plots and from plots 
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limed up to neutrality. There was no influence on the ossification of the bones 
of the experimental animals. 

The results of the investigation indicate that standard fertilization brings 
about an optimal nutritional standard in the soil, so that previously low-yielding 
acid soils produce such heavy 5delds and crops of such good quality that liming 
cannot materially improve the quantity or the quality of the yields. 
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DETERMINATION OF CATION-EXCHANGE CAPACITY OF 
SOILS BY USE OF '^VERSENATE^^ 
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Determination of the cation-exchange capacity provides valuable data on the 
characteristics of clays and soils. Many methods that yield similar values have 
been developed. The best of them involve considerable time and equipment. 
Among the accepted methods are those invohdng leaching with concentrated 
salt solutions, leaching with dilute acids, and electrodialysis. These methods have 
been outlined by Piper (7). Other methods are the use of a soxhiet extractor as 
described by Perkins et al (5) and the isotherm method of Lewis (3). The methods 
outlined by Schollenberger and Simon (8) and Peech (4) may be accepted as out- 
standing. 

Recently Cheng and Bray (2) reviewed the work of Schwarzenbach et al, (9, 
10, 11) dealing with the use of ^Versenate’’ (disodium-dihydrogen ethylenedia- 
mine tetra-acetic acid) as a chemical reagent in determming the calcium and 
magnesium content of soil and plant material. They have described the chemistry 
of the reaction. The use of versenate to determine the hardness of water has re- 
cently been developed and has been described by the Bersworth Chemical Com- 
pany (1). It seems evident that versenate could be a useful tool in determining 
the cation-exchange capacity of soils. 

The proposed versenate method has the following advantages. The only equip- 
ment needed is a balance, funnels, beakers, wash bottle, burette, and chemicals. 
As calcium and magnesium have greater energy of adsorption than the ammo- 
nium ion, it is somewhat easier to saturate the clay or soil with a single ion. 
Likewise, many soils when saturated with a divalent ion have a lesser tendency 
to puddle than when saturated with the ammonium ion and therefore are theo- 
retically somewhat easier to wash free from excess electrolyte. When calcium or 
magnesium is used to saturate the exchange complex, a versenate titration may 
be substituted for the Kjeldahl determination when the ammonium ion is used. 
The method as outlined makes it easy to determine when the excess cation has 
been washed from the mineral. 

Among the disadvantages to be expected of the proposed method are the 
highly colored solutions resulting from soils rich in organic matter. These colored 
solutions make the determination of the exact end point somewhat difficult. This 
difficulty may be partly overcome by diluting the sample, reducing the size of 
sample, increasing the amount of indicator, and titrating in a light such as is 
given off by a soft white or daylight fluorescent bulb. It has been found helpful 
to place the light under the beaker in which the titration is made. Another dis- 

^ Contribution No. 477. Thanks are due the Bersworth Chenaical Company for supplying 
^ Versenate. 
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advantage is that versenate will quantitatively titrate powdered CaCOa or 
MgCOs^and therefore a soil containing free hme will show a high cation- 

exchange capacity unless the proper correction is made. 

VERSENATE METHOD AND ITS APPLICATION 

The versenate method is as follows: One gram of the clay or soil is saturated 
wiS^magnesium (or calcium) by placing it in a beaker contai^g 50 ml. of a 
1 mno-nptsrnm for calcium) acetate solution, transfernng to a funnel, and 
normal 2()-ml. portions of the solution. The funnel should be 

allow^to run dry between the additions. The excess electrolyte is removed from 
thelampHy wishing with water or 80% ethanol if the filtration is slow. 

The lichate may be tested for freedom from magnesium by addition of buffer, 
JStoT ald a few drops of versenate. If there is magnesium in the leachate, 

the indicator trill be red; in absence oi 'fer 's toSen 

When the leachate is free from magnesium, the tip of the filter paper broken 
and the mineral is washed into a beaker with water, an excess of versenate 
:Sdet aS the encess versenate is titrated riith a starfard ^ 7 . 

The indicator used for the magnesium ion is Erio Chrome Black T A 1 per 
cent solution in hydroxylamine hydrochloride has been found to be satisfactory. 
The versenate should be buffered to a pH of approximately 10 for use with the 
magnesium ion and the Erio Chrome Black T indicator. A satisfacto^ concen- 
tration for the versenate solution contains 12.5 gm. of the ^ 

and Tlitercan be buffered by adding 2.2 gm. of NH^Cl and 2.8 ml. of NH^OH. 
The versenate should be standardized against a solution of kno^ “^gnesium 
concentration. A convenient concentration of the standard solution conta 

K^ictrfs^SdS Stumte the soil, the leachate can be test^ for fr^dom 
from calcium by the addition of buffer, versenate, a few drops of Eno Chrome 
Black T and a few drops of the standard magnesium solution. As the calci^ 
flmtot; with versenate before magnesium does, a typica magnesiim reaction 
will be obtained in presence of calcium. If preferred, the calcium leacha,te can be 

the pH to 12.0 W^h NaOH, adding -re. an 
indicator and a few drops of the versenate. The mure.de end point is not 

easily determined as is that of the Erio Chrome Black T. , ' 

Several representative minerals and soils from Kansas were 
Durnoses. The soils were gathered from several of the agronomy expenmenta 
Lids scattered over Kansas from regions materially ^ermg m rairfafi and m 
parent material of the soil. These soils have been described by PerkiM and 
Schrenk ( 6 ). In addition, a horizon of soil from section 32 of I^nsas was tested, 
“ ^ng in depm from the surface to 17 f^t. This soil is described by 

Olson.^ At the greater depth it contains free OaCO . 

2 National Analine iS!587 (Bersworth Chemical Co.). 

3 Eastman organic chemicals. 

^ R. V. Olson. Unpublished data. 
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RESULTS AND BISCUSSION 

Results obtained by the proposed versenate method, by a variation of this 
method, by leaching the soil with ammonium acetate, and by leaching the soil 
with NH 4 Ci are presented in table 1, In 18 of the 20 soils and minerals tested by 
the four methods, comparable values were obtained. For soil sample R 104, the 

TABLE 1 


Cation-exchange capacity of soils as determined by a proposed versenate method and a standard 

ammonium method 


SAMPLE 

CATION-EXCHANGE CAPACITY 

Mg/Mg* 

Mg/Cat 

NH4t 

NH4§ 


ml. 

ml. 

ml. 

ml. 

Cherokee soil 

19.2 

19.6 

18.9 

17.2 

Geary soil 

13.6 

14.3 

13.9 

12.9 

Wabash soil. . 

24.8 

23.7 

23.9 

22.2 

Columbus field 0-6 inches * 

8.3 

8.3 

8.6 

8.9 

Columbus field 6-20 inches 

15.2 

12.7 

15.2 

13,6 

Wichita field 0-6 inches 

15.8 

16.9 

17.2 

14.3 

Wichita field 6-20 inches 

20.0 

20.1 

22.0 

20.3 

Meade field 0-6 inches 

15.8 

! 14.6 

15.7 

12.8 

Meade field 6-20 inches 

19.6 

19.0 

19.9 

18.2 

Dodge field 0-6 inches 

16.2 

17.1 ^ 

18.0 

17.5 

Dodge field 6-20 inches 

23.4 

24,8 

27.1 

25.4 

Manhattan field 0-6 inches 

22.1 

24.0 

21.2 

18.2 

Wyoming bentonite 

72.9 

lost 

74.8 

66.5 

California bentonite 

103.5 

102.0 

106.3 

106.0 

Kaolin 

4.2 

6.6 

5.3 1 

6.1 

Muscovite 

3.9 

2.1 

2.1 

3.0 

R 97 0-18 inches 

21.6 

18.9 j 

18.6 

17.1 

R 98 18-40 inches 

20.2 

30.5 

30.4 

. 28.6 

R 101 120-150 inches 

20.8 

19.6 

21.9 

21.0 

R 104 206-234 inches 

61.2 

' 53.7 

11.3 

6.1 


* Samples saturated with magnesium, excess versenate added and back-titrated with 
magnesium. 

t Samples saturated with calcium, excess versenate added and back-titrated with 
magnesium. 

t Samples saturated with ammonium by leaching with neutral N NH 4 CI, and ammonium 
determined by a Kjeldahl distillation with MgO. 

§ Samples saturated with ammonium by leaching with neutral N NH 4 AC, and ammonium 
determined by a Kjeldahl distillation with MgO. 

versenate method gave appreciably higher results than the other methods. This 
difference is attributed to free CaCOs in the soil. No explanation has been found 
for differences in results obtained for soil R 98, and sufficient sample for further 
investigation was lacking. The recommended procedure for the versenate method 
is to saturate the complex with either magnesium or calcium acetate. Take the 
mineral up in an excess of versenate and back-titrate with magnesium acetate 
at pH 10.0. If the calcium-saturated minerals are back-titrated with the calcium 
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and the murexide indicator, the end point of the reaction is obscured by the color 
of the soil suspension and accurate end points are difficult to obtain. 

Comparison of the results obtained by the four methods shows good agreement, 
and the differences are not sufficient in most cases to indicate outstanding differ- 
ences between methods. 

In general, leaching with ammonium acetate yields lower cation-exchange 
figures than does leaching with NH4CL This might be explained by greater 
loss of organic matter due to its greater solubility in the acetate. The leach- 
ate from the ammonium acetate was considerably darker than that of the 
NH4CI. Other comparisons are possible, but it is felt that the versenate method 
will enable satisfactory determination of cation-exchange capacity. It is also sug- 
gested that versenate may be used to remove CaCOs and MgCOs from soils before 
cation-exchange capacity is determined, so that the figures obtained for the ex- 
change capacity of the residue would be more accurate. It is also suggested that 
versenate may be useful in determining certain mineral species in the soil. 
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The cation-exchange property of soil organic matter, although apparently 
recognized soon after Way’s original discovery of base exchange in soils, has 
received much less intensive study than that of inorganic soil constituents. 
The comparatively very high exchange capacity of soil organic matter and 
preparations derived from it would seem to justify greater emphasis on the 
role of these materials in cation-exchange reactions of soil. Undoubtedly, the 
slow progress in this field is due partly to the extreme complexity of the systems 
involved. At present, information concerning the chemical nature of so-called 
humus is still very inadequate, in contrast to the rather definite picture of clay 
mineral structure. In the investigation reported here an attempt was made to 
characterize the groupings capable of cation exchange by functional group 
analysis without attempting to determine the structure of the complex molecules 
to which the groups are attached. Techniques that have proved useful in wood 
chemistry were employed. 

According to McGeorge (7), lignin, lignocellulose, lignohemicellulose, or re- 
lated substances are chiefly responsible for the exchange properties of soil 
organic matter. He found a linear relationship between the lignin content and 
cation-exchange capacity of organic matter, and attributed the exchange reac- 
tion to phenolic hydroxyl groups in the lignin molecule. Mitchell (8) suggested 
that lignin or a derivative is the constituent responsible for cation exchange in 
soil organic matter. Muller (9) concluded that cation-exchange properties in 
several fractions of decomposing organic materials obtained by various rather 
drastic chemical procedures could be explained only by the presence of such 
groups as carboxyl and hydroxyl in several different compounds. Gillam (6) 
was able to effect a small reduction in the exchange capacity of so-called humic 
acid preparations by acetylation and methylation of hydroxyl groups, and 
produced a somewhat larger reduction in the exchange capacity of lignin prepa- 
rations by the same treatments. By means of potentiometric titrations he 
demonstrated the presence of carboxyl groups in the humic acids. 

This investigation attempts quantitatively to relate cation exchange in the 
soil organic fraction with groupings capable of furnishing acidic hydrogen. 

MATERIALS ANB METHODS 

Several preparations fairly high in organic matter and free of inorganic ex- 
change minerals were obtained by treating soil samples with HCl and HF ac- 
cording to the method of Rather (10) as modified by Alexander and Byers (1) 
for the determination of soil organic matter. This treatment leaves the organic 
fraction largely intact while dissolving a large portion of the mineral matter, 
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due chiefly to decomposition of the hydrated aluminosilicates. Partial hydrolysis 
of organic matter probably occurs, but the amount of material brought into 
solution is usually less than 10 per cent of the total, and therefore the residue is 
reasonably representative of soil organic matter in situ. The masking effect of 
clay on some of the reactive groupings, whether of a physical or chemical nature, 
is of course removed by the combined acid treatment. Seven soil samples were 
treated in this manner, including a peat and a pine forest soil from California, 
and the Ai horizon of Dunkirk, Ontario, two Honeoye, and Yates soil series in 
New York. 

Methylation with diazomethane 

Twenty-gram samples of the acid-treated preparations were suspended in 100 
ml dry ether containing approximately 5 gm. of diazomethane prepared from 
nitrosomethylurea by the method of Arndt (2). The flasks containing the sam- 
ples were kept below 0®C., and the suspension was either stirred mechanically or 
allowed to stand until the diazomethane was consumed as indicated by the dis- 
appearance of the yellow color. The ether was then filtered off, and the samples 
were dried for analysis. Methoxyl content was determined by Clark’s modifica- 
tion of the method of Viebock and Schwappach (4) except that the reaction 
time was extended to 1 hours, which was required for quantitative demethyla- 
tion of the organic materials. Cation-exchange capacity was determined by 
leaching a sample of appropriate size (0.5 to 2,0 gm.) with 250 ml. of 0.1 N 
barium acetate, washing with water, then leaching with 0.1 N HCl. Barium was 
determined in the acid leachate by means of the Beckman flame spectropho- 
tometer or gravimetrically as the sulfate, depending on the quantity present. 

A separate sample of the methylated product was refluxed with N KOH in 
50 per cent acetone to saponify the methyl ester. The acetone was then dis- 
tilled off, the solution acidified, and the precipitate filtered off and dried. 

The methylation procedure was repeated on each sample until no additional 
methyl groups could be introduced, 

Methylation with dimethyl sulfate 

Twenty-gram samples of the organic materials were allowed to react with 
2 ml. dimethyl sulfate in the presence of 100 ml. 0.2 N KOH in an atmosphere 
of nitrogen. After each treatment, the suspension was acidified and the pre- 
cipitate filtered off and washed, dried, and reground. Since this treatment in- 
volved a loss of organic matter, determinations of carbon, hydrogen, and organic 
matter were made, and methoxyl and cation-exchange capacity were deter- 
mined as previously described. In certain samples, exchange capacity toward 
Ba(OH )2 was determined by allowing a 0.5-gm. sample of the organic material 
to stand overnight in an excess of the alkali, after which the unused Ba(OH )2 
was titrated potentiometrically. To minimize the solvent effect of the alkali on 
the organic matter, some of the samples were also methylated in ether medium 
containing solid KOH. 

The methylation procedure was repeated until no further reduction in ex- 
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change capacity occurred, after which the samples were treated with diazo- 
methane until a fully esterified product was obtained. 

Specificity of reagents 

Diazomethane and dimethyl sulfate have been widely used by lignin chemists 
to determine carboxyl and phenolic and alcoholic hydroxyl groups, since 
diazomethane presumably will react with carboxyl and phenolic hydroxyl groups, 
whereas dimethyl sulfate will react with both types of hydroxyl but will not 
esterify carboxyl in an alkaline solution. Diazomethane is not specific for phenolic 
'and carboxylic hydroxyl, however, and will react with acidic hydrogen in several 
other ways. According to Eistert (5), diazomethane will react with keto-enol 
compounds to form either an ether or a C-methyl derivative, depending on the 
relative strength of the keto or enol form, and will form N-methyl derivatives of 
compounds where the acidity of the hydrogen attached to nitrogen is enhanced 
by adjacent carbonyl. Alcoholic hydroxyl can also be methylated by diazo- 
methane if acidifying groups are adjacent. Spencer and Wright (11) have ques- 
tioned the usefulness of diazomethane in lignin chemistry in view of its reaction 
with lactones involving methylation and pyrazoline formation. Side reactions 
with diazomethane are minimized in ethereal solution because of the neutralizing 
effect of the solvent on weakly acidic compounds. For this reason, ether was 
employed in this work. Groupings capable of dissociating sufficiently to function 
in cation exchange will probably react with diazomethane. 

Dimethyl suKate will methylate all groupings capable of reacting with 
diazomethane except carboxyl as well as more weakly acidic groupings not 
affected by the latter reagent. The likelihood of side reactions is much greater 
in the strongly alkaline medium employed. 

RESULTS 

Data obtained from diazomethane treatment of the organic preparations are 
shown in figure 1. It is clear that groupings capable of exchanging cations are 
blocked by methylation with this reagent, since there is a high negative correla- 
tion between the total methoxyl content and exchange capacity in all cases. 
The increase in methoxyl was somewhat greater than the corresponding decrease 
in exchange capacity, as indicated by the values of the slope 6, which all fall 
between —1 and —2. This suggests the occurrence of a reaction or reactions of 
the type described by Spencer and Wright (11) in which the methoxyl content is 
increased through opening of a lactone ring rather than by methylation of 
hydroxyl. Quantitative interpretation of these results is further complicated by 
the failure of diazomethane to block completely the cation-exchange groupings in 
any case except the Ontario sample, although it was reduced to a very low value 
in the Yates and Honeoye A samples. This may have been due to steric hindrance, 
the depressing effect of the ether solution on ionization, or other unknown 
factors. An additional treatment of the peat with diazomethane in dioxane did 
not alter its exchange capacity. 

The increase in methyl ester after each methylation, as estimated by loss of 
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methoxyl by saponification, was highly correlated with decrease in exchange 
capacity in the peat and pine forest soils but not significantly correlated in 
the Dunkirk soil because of too few points (fig. 2). In other words, the decrease 
in exchange capacity after each treatment was directly proportional, though 
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Fig. 1. Correlation Between Total Methoxyl Content and Cation -Exchange Capacity of 

Diazomethane-Treated Samples 


not exactly equivalent, to the number of carboxyl groups blocked. The other 
four samples were saponified only once, after the final diazomethane treatment. 

Reduction in exchange capacity was also effected by treatment with dimethyl 
sulfate, as shown in tables 1 and 2, although the reduction was in no case so 
great as with diazomethane. The fact that most of the decrease in exchange 
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capacity occurred during the first one or two methylations indicates that hy- 
drogens siifficientiy acidic to function in cation exchange were readily replaced 
with methyl, and that further increases in apparent methoxyl were due to 
reaction with groupings not involved in exchange. The treatments in ether 
medium had comparatively little effect on either methoxyl content or exchange 
capacity. The errors in the data of table 2 are rather large because of the low 



DECREASE IN CATION-EXCHANGE CAPACITY 
me./IOOgm. 

Fig. 2. Correlation Between Increase in Methyl Ester and Decrease in Cation -Exchange 
Capacity of Diazomethane -Treated Samples 

organic content of the samples and the losses of organic matter during treat- 
ment. An error of 0.05 per cent in the methoxyl determination corresponds to 
23 me. on the organic matter basis in Yates soil, for example, and an error of 
1 me. in the cation-exchange capacity of the original sample would amount to 
14 in the tabular data. Although corrections for losses of organic matter due to 
solubility were applied by determining the organic content at each step, there 
was no way to correct for qualitative changes in the organic matter remaining. 
The data for the two Honeoye samples are more reliable in view of their higher 
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initial organic content, and these are in general argrement with the data of 
table 1. 

When phenolic hydroxyl and possibly other functional groups are blocked in 
this manner by treatment with dimethyl sulfate, the remaining exchange capacity 
presumably is due solely to carboxyl groups. This was confirmed by esterifica- 
tion of the dimethyl-sulfate-treated materials with diazomethane, which resulted 
in complete or nearly complete loss of exchange capacity, as shown in table 3. 

TABLE 1 

Methoxyl content and cation-exchange capacity of materials treated with dimethyl sulfate 


Results in me./lOO gm. organic matter 


NXTMBEE TIMES 
METBTSLATED 

METHOXYI. 1 

EXCHANGE CAPACITY BY 

INCREASE IN 
METHOXYL 

DECREASE IN EXCHANGE 
CAPACITY BY 

Ba(C2H4t02)2 

1 Ba(OH )2 

1 Ba(C2H302)2 

Ba(OH )2 

Peat 

0 

60 

183 

379 

■ ! 

— 

— 

1 

246 


306 

186 

— 

73 

2 

292 

— 

— 

232 

— 


3 1 

326 

— 

— 

266 

— 


4 

387 

74 

286 

327 

109 

93 

5 

406 

68 


346 

115 

— 

6 

435 

69 

— 

375 

114 

. ^ ^ 


Pine forest 


0 

17 

385 

690 



— 

— 

1 

44 

309 

— 

27 

76 

— 

2 

169 

247 

449 

92 

138 

241 

3 

192 

218 

463 

175 

167 

227 

4 

247 

211 

461 

230 

i 174 

229 


Dunkirk 


0 : 

87 

193 

427 






1 

213 

144 

339 

126 

49 

88 

2 

313 

136 

257 

226 

57 

170 

3 

361 

126 

234 

274 

67 

193 

4 

358 

122 

240 

271 

71 

187 


The final values in all except the pine forest soil are within the limit of experi- 
mental error. The increase in methoxyl is almost invariably larger than the 
corresponding decrease in exchange capacity; thus it is obvious that although 
carboxyl groups probably account for the remaining exchange capacity after the 
dimethyl sulfate treatments, subsequent application of diazomethane results not 
only in esterification of these carboxyl groups, but also reaction at nonexchange 
sites. The number of these sites not blocked by dimethyl sulfate apparently 
was greater when an ether medium was used, since the discrepancies between 
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increase in metboxyl and decrease in exchange capacity, as shown in table 3, 
were greater than when pretreatment was carried out in aqueous medium. 

Two independent estimates of the carboxyl content of the organic materials 
were obtained: one by saponification of the diazomethane- treated samples, and 
the other by the increase in methoxyl upon application of diazomethane to 
materials pretreated with dimethyl sulfate. The latter procedure has been 

TABLE 2 


Methoxyl content and cation-exchange capacity of organic matter treated with dimethyl sulfate 

in aqueous and in ethereal alkali 
Results in me./lOO gm. organic matter 


N0MBKX TIMES 
METHYLATED 

AQUEOUS 

ETHESEAL 

Metioxyl 

Exchange capacity 
by Ba(C2H50a)2 

Methoxyl 

Exchange edacity 
by BaCCsiSiOa)* 

Yates 

0 

101 

164 

101 

164 

1 

180 

107 

100 

146 

2 

306 

111 

124 

172 

3 

326 

95 




Ontario 


0 

70 

187 

70 

187 

1 

206 

106 

56 ! 

172 

2 

282 

142 

79 1 

166 

3 

338 

135 

77 

173 


Honeoye A 


0 

63 

202 

63 

202 

1 

226 ; 

111 

52 

190 

2 

300 

151 

57 

185 

3 

303 

84 




Honeoye B 


0 

49 

263 

49 

263 

1 

215 

219 

68 

204 

2 

243 

194 

51 

193 

3 

272 

129 




extensively employed by wood chemists for estimation of carboxyl. These 
figures, together with apparent uronic carboxyl, are compared in table 4. The 
very poor agreement between the first two columns is not particularly sur- 
prising in view of the evidence for side reactions with diazomethane mentioned 
previously. Obviously only one of the procedures, and perhaps neither, gives a 
valid estimate of the carboxyl content. If the order of magnitude of these figures 
can be relied upon, however, it may also be concluded that carboxyl groups 
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TABLE 3 


Methoxyl content and cation-exchange capacity of materials treated with diazomethane 

following dimethyl sulfate 
In me./lOO gm. organic matter 


PRETKEATMENT IN AQUEOUS MEDIUM 

PRETREATMENT IN ETHEREAL MEDIUM 

Methoxyl 

j 

Exchange 

capacity 

Increase in 
methoxyl 

Decrease in 
exchange 
capacity 

Methoxyl 

Exchange 

capacity 

Increase in 
methoxyl 

Decrease in 
exchange 
capacity 


Dunkirk 


419 

34 

61 

88 

377 

23 

198 

123 

438 

14 

80 

108 

386 

24 

207 

122 

506 

3 

148 

119 






Yates 


509 

12 

183 

83 

255 

355 

413 

57 

26 

9 

131 

231 

289 1 

115 

146 

163 

Ontario 

474 

7 

136 

1 128 

140 

140 

63 

33 





378 

6 

301 

167 


Honeoye A 


427 

9 

124 

75 

311 

51 

254 

134 

1 




359 

15 

302 

170 




! 

431 

5 

374 

180 


Honeoye B 


446 

11 

i 

174 

118 

i 

117 

290 

338 

148 

41 

12 

66 

239 

287 

45 

152 

181 

Peat 

516 

1 

81 

1 68 






Pine forest 


329 

140 

82 

71 i 




413 

66 

166 

145 




493 

28 

246 

183 




496 

14 

249 

197 





other than the nronic type are present in the soil organic fraction, since the 
uronic figures are invariably lower than the estimates of total carboxyl. 

DISCUSSION 

Of the several possible sources of exchangeable hydrogen in the soil organic 
fraction, carboxyl groups, phenolic hydroxyl groups, and hydrogen attached to 
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nitrogen in heterocyclic compounds seem the most likely to be of importance on 
the basis of what is known about soil organic matter and its precursor, undecom- 
posed plant residues. Carboxyl groups occur in the polyuronides, in aliphatic 
acids, and probably in oxidized side chains attached to lignin molecules; phenolic 
hydroxyl groups occur in lignin, in certain amino acids, and in tannins; hetero- 
cyclic nitrogen with adjacent acidif 3 dng groups occurs in, the nucleic acids. 
These represent only a few of the more obvious possibilities. All three types of 
groups mentioned can be methylated with diazomethane, and the high correla- 
tion between methoxyl content and exchange capacity following diazomethane 
treatment indicates that these groupings function in cation exchange, although 
others may be of some importance. The reduction of cation-exchange capacity 
by alkaline dimethyl sulfate clearly indicates that carboxyl groups alone do not 
furnish all the exchangeable hydrogen. In the seven soil samples treated, between 
37 and 62 per cent of the exchange capacity was eliminated by blocking phenolic 
hydroxyl and other groups capable of reaction with the dimethyl suKate reagent. 

TABLE 4 


Total carboxyl estimated by two methods compared with apparent uronic carboxyl in 

organic preparations 
In me./lOO gm. 


SAMPIX 

CASBOXYL BY 
SAPONIFICATION 

CAKBOXYL BY 
DIAZOMETHANE 

APPAEENT UEON- 
IC CAEBOXYL 

Peat 

131 

81 

36 

Pine forest 

249 

249 

26 

Dunkirk 

176 

148 

72 

Yates 

91 i 

183 

71 

Ontario 

201 

136 

68 

Honeoye A 

190 

124 

84 

Honeoye B 

128 

174 

70 


Estimation of carboxyl by direct titration with standard alkali was attempted, 
but constant drift in pH over a period of several days made this very difficult to 
do with any degree of precision. The only instance in which good reproducibility 
was obtained was in the titration of the peat sample; the carboxyl value of 130 
me. agrees well with that obtained by saponification, 131 me. Attempts to 
determine carboxyl by back titration in an isopropyl-alcohol-ethylene-glycol 
medium likewise proved unsuccessful. The uronic carboxyl values are of interest 
in connection with Bremner’s (3) criticism of methods for determination of 
pol 3 aironides in soils. Although, as he suggests, cleavage of nonuronic carboxyl 
may occur in the conventional procedure, which involves refluxing with 12 
per cent HCl for several hours, it seems unlikely that this is quantitative. The 
highest value obtained for uronic carboxyl, 84 me. per 100 gm., corresponds to 
14.8 per cent of the organic matter accounted for as uronic anhydride. 

The stoichiometry of cation exchange in the organic fraction is by no means 
so clear-cut as in the clay mineral fraction; therefore the determination of cation- 
exchange capacity is somewhat arbitrary, depending on the nature of the re- 
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placing cation as well as on the pH of the replacing solution. For example, the 
exchange capacity of the peat sample was 379 as determined by barium hy- 
droxide, 296 by potassium hydroxide, 254 by NaOH, 183 by barium acetate, and 
69 by potassium acetate. These differences can be explained in part by formation 
of inner complex compounds as well as normal salts by replacing cations; steric 
considerations are undoubtedly also important. In view of the complexity of the 
systems involved, anomalies in the experimental data obtained are not at all 
surprising. An additional source of error was alteration in the chemical nature 
of the materials treated in alkaline medium even though oxygen was excluded 
wherever possible. Solubility losses were appreciable, and the carbon content 
of the insoluble residue increased beyond that produced by the introduction of 
methyl, indicating solution of constituents lower in carbon than the bulk of the 
residue. 

On the basis of the methylation studies, it can be concluded that the cation- 
exchange property of soil organic matter is due to functional groups capable 
of forming esters, ethers, methylimides, or possibly one or two other types of 
methyl derivatives. For the seven soil samples on which data were obtained, 
46 i 12 per cent reduction in exchange capacity was produced by dimethyl 
sulfate. If the total nitrogen content of the organic matter is assumed to be 6 
per cent, it is probably safe to estimate that not more than one tenth, or 0.6 
per cent, occurs as imide nitrogen, corresponding to about 45 me. exchange 
capacity. Thus, of the 46 per cent of the exchange groupings blocked by dimethyl 
sulfate, a maximum of about 25 per cent could be accounted for as imide nitrogen, 
with more probable figures in the range below 10 per cent, leaving in excess of 
36 per cent due to phenolic and enolic hydroxyl. Presumably the other 54 per 
cent is due to carboxyl. Since the standard deviation from the mean of this 
group of samples is large, this figure is not in serious disagreement with that 
calculated from estimates of carboxyl by saponification, 74 d= 19 per cent of the 
total exchange capacity. At any rate, more than half the average exchange 
capacity is due to carboxyl. A major portion of these functional groups probably 
occur in the polyuronide and lignin-derived fractions. Other acidic groups in the 
soil organic fraction, such as phosphoric acid esters, do not occur in sufficient 
quantity to account for more than a small fraction of the total exchange capacity. 

In spite of the many experimental difficulties involved, the application of 
functional group techniques to soil organic matter should prove very useful, 
and may provide information which otherwise might have to await more detailed 
information on the chemical nature of organic soil constituents. 

SUMMARY 

Organic preparations of several soils were obtained by treating them with a 
hydrochloric-hydrofluoric acid mixture to remove inorganic exchange minerals. 
These preparations were treated with diazomethane and dimethyl sulfate alone 
and in combination to block functional groups capable of furnishing acid hy- 
drogen. Cation-exchange capacity and methoxyl were determined after each 
treatment. 
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In the diazomethane-treated materials the cation-exchange capacity was 
found to be inversely related to methoxyl content. Coefficients of linear correla- 
tion were significant in all cases. Increase in methyl ester was a linear function 
of decrease in exchange capacity. In one sample the exchange capacity was 
reduced essentially to zero by diazomethane. 

Reduction in exchange capacity was also effected by treatment with dimethyl 
sulfate in alkali, though to a lesser degree than in the diazomethane treatment. 
Application of the latter reagent following dimethyl sulfate blocked all groupings 
capable of cation exchange. 

Uronic carboxyl content as determined by boiling with 12 per cent hydrochloric 
acid was somewhat lower than estimates of carboxyl obtained by saponification 
and methylation procedures. 

The ability of cation-exchange groupings in the soil organic fraction to form 
esters and ethers with methylating agents indicates that the majority of these 
groupings are probably carboxyl and phenolic or enolic hydroxyl. 
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Because of its extreme toxicity at high concentrations, borax has been em- 
ployed as an effective herbicide. When it is used in such locations as railroad 
rights-of-way or petroleum refinery and storage grounds, residual effects do 
not constitute a problem. But in arable lands which are to be put into crop 
production subsequent to treatment, the rate of disappearance of the toxic 
effects is of definite economic interest. Hurd-Karrer (2), who used borax as a 
herbicide at the rate of about 440 pounds per acre, reported that its toxic effects 
persisted after 36 months in the soil, but this was in greenhouse experiments 
from which there was no leaching. Williams (7), who used borax on a medium 
loam in shallow boxes at the rate of 90 pounds per acre, found that it gave a 
heavy kill of buried viable seeds of both clover and weeds, but that resowing with 
clover after 35 days resulted in uniform and vigorous germination, while ger- 
mination of weeds was still low. 

Litzenberger, Post, and Morris (4), who used both borax and sodium chlorate 
as herbicides, found that borax eliminated the fire hazards encountered with 
chlorate, had a more delayed action, and greatly reduced seedlings which con- 
tinually reinfested chlorate-treated land. Established stands of yellow toadflax 
{Linaria vulgaris Tlill) were eradicated by a borax application of 7 pounds per 
square rod, while the serious range pest Edamath weed or St. Johnswort 
pericum perforatum L.) was completely controlled by borax at 8 pounds per 
square rod. Fall applications of borax were most effective on the more porous, 
lighter soils where the limited precipitation (a mean of about 1.3 inches per 
month for most areas in Montana) was sufficient to leach the chemical into the 
soil by the time the roots became active in spring. 

Stoddard (6) recommended borax at 10 pounds per square rod for eradication 
of poison ivy (Rhiis toxicodendron L.) but warned that the herbicide should not 
be used near trees and shrubs that were to be preserved. Weathering and the 
use of lime were suggested as means of eliminating the residual toxic effects. 
Under heavy rainfall, the rapid solubility of borax (3, 10) favors its removal; 
but Purvis and Hanna (5) found no evidence of chemical fixation by lime. They 
reported that although Norfolk fine sandy loam in an overlimed condition re- 
tained more applied boron after leaching than did the same soil in an unlimed 
state, this retained boron remained available to plants. Eemoval by leaching 
appears, therefore, to be the most practical way to eliminate the toxic effects 
of borax. 

The downward movement of boron from borax in the small amounts required 
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for plant nutrition was studied in the field by Kubota, Berger, and Truog (3), 
who found that the most rapid movement occurred in the lightest soils; and 
by Wilson, Loworn, and Woodhouse (8), who reported that within 6 months 
the borax application was almost completely lost from the surface 8 inches of 
Norfolk sandy loam, while in Cecil clay very little moved below the 8-inch depth. 
In the foregoing studies borax residuals were from applications of 10 to 40 
pounds per acre, while the amounts employed as herbicides (2, 4, 6, 7) range 
from 90 to 1,600 pounds per acre. 

The purpose of the present study was to investigate the rate of penetration 
and loss of heavy applications of borax in two diverse Florida soils. It has been 
shown that the sodium and boron from borax move somewhat independently in 
the soil; sodium enters into an exchange reaction, whereas boron moves more 
rapidly in association with various cations (3). 

EXPERIMENTAL 

The retention of borax was calculated by determining the residual boron in 
the different horizons and converting this to borax equivalent. The boron was 
determined as boiling-water extractable by a procedure described elsewhere (9). 

The soils used were Arredondo loamy fine sand and Lakeland fine sand. 
Arredondo, of phosphatic origin, is a well-drained upland soil. The depth to 
clay was extremely variable, but was mostly in the range from 12 to 20 inches. 
The Lakeland soil was excessively drained, as depth to clay exceeded 48 inches. 
In both areas the reaction was about pH 5.6 for the topsoil, with slight variations 
in the lower depths. 

Borax was applied to the Arredondo soil at rates of 0, 100, 400, and 1,600 
pounds per acre on June 7, 1945. It was broadcast in a broad band just inside 
the extreme branch spread of 17-year-old pecan trees. The soil area was ap- 
proximately 0.01 acre for each tree; the borax was applied at 0, 1, 4, and 16 
pounds per tree. The soil remained undisturbed for several months, but was 
disked at infrequent intervals during the remainder of the experiment. The 
effects of the borax applications upon the trees were reported elsewhere (1). 
Toxic effects upon the moderate growth of volunteer weeds from the 1,600-pound 
application were striking but temporary, while toxicity from the 400-pound rate 
was moderate and from the 100-pound rate negligible. Preliminary determina- 
tions of soil boron early in the experiment indicated that penetration into the 
lower horizons had been so rapid that it would be necessary to sample to a 
considerable depth to obtain satisfactory evaluation. The samples, which were 
taken approximately 4, 12, and 24 months after the borax was applied, were 
obtained, therefore, at 0-3 and 3-7 inches and at each successive 7-inch depth 
down to 42 inches. Sampling techniques were similar to those used in a later 
study of boron penetration from colemanite (10), except that it was necessary 
to use an auger in the stiff clay below the 12-inch depth. Because the Arredondo 
soil was diluted by the pebbles throughout the profile, analytical calculations 
were based on an acre 7-inches for 2,000,000 pounds, whereas in the Lakeland, 
calculations were based on the conventional acre 6-inches for that weight of soil. 

Gn the Lakeland soil, borax was applied to well-established plots of centipede 
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grass (Eremochloa ophiuroides (Munro) Hack) at rates of 0, 100, 400, and 800 
pounds per acre. The material was broadcast on November 15, 1945, and the 
centipede grass sod was allowed to remain undisturbed throughout the experi- 
ment, As with the Arredondo soil, samples were taken about 4, 12, and 24 
months after the borax was applied. With this lighter, more permeable soil the 
0-*42-inch sampling depth was divided into only four zones: plow depth (0-6 
inches) and each successive foot below. Since the grass was dormant at the time 

TABLE 1 


Boroin^ in Arredondo loamy fine sand from surface-applied borax 
Rainfall: 4 months, 34.51 inches; 12 months, 59.65 inches; 24 months, 124.99 inches 


BORAX APPLIED 

DEPTH OP SAMPLE 

NATIVE SOIL 
BORON 

B< 

4 Months 

moN pouNDf apte: 

12 Months 

R 

24 Months 

Ib.fA. 

in. 

ppm. 

PPm. 

ppm. 

ppm. 

100 

0-3 

0.22 

0.55 

0.41 

0.21 


3-7 

0.11 

0,45 

0.33 

0.14 


7-14 

0.04 

0.40 

0.47 

0.18 


14-21 

0.03 

0.90 

0.73 

0.28 


21-28 

0.06 

0.98 

0.86 

0.33 


28-35 

0.07 

0.57 

0.79 

0.36 


35-42 

0.08 

0.40 

0.51 

0.48 

400 

0-3 

0.22 

0.65 

0.37 

0.26 


3-7 

0.11 

0.62 

0.36 

0.19 


7-14 

0.04 

1.25 

0.42 

0.14 


14-21 

0.03 

2.60 

1.03 

0.23 


21-28 

0.06 

2.38 

1.75 

0.42 


28-35 

0.07 

1.35 

2.25 

0.69 


35-42 

0.08 

0.83 

2.00 

1.03 

1600 

0-3 

0.22 

1.15 

0.98 

0.50 


3-7 

0.11 

0.98 

0.66 

0.29 


7-14 

0.04 

2.00 

1.05 

0.38 


14-21 

0.03 

7.20 

4.60 

1.32 


21-28 

0.06 

10.80 

10.60 

2.77 


28-35 

0.07 

13.00 

14.00 

4.27 


35-42 

0.08 

9.00 

11.40 

5.40 


* Boiling-water extractable from air -dried soil. 

t All values include the native soil boron, which was found to vary with seasonal con- 
ditions. Therefore, specific values for the successive sampling periods were used in arriving 
at net retention for the determinations in table 2; but, for simplicity, only the means are 
shown here (see column 3) . 

of borax application, no toxicity was evident. By spring, when growth began 
again, there appeared to be little or no adverse effect upon the grass or volunteer 
weeds, even from the 800-pound rate. The soil samples were analyzed within 
about 2 to 12 months from the time they were obtained in the field, the mean 
elapsed time being approximately 6 months. 

RESULTS 

Table 1 shows that after 4 months the maximum concentration of boron in 
the Arredondo soil was found at about the 28-inch depth. Notable amounts 
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were found to have penetrated as far as the 35-42-mch zone and some boron 
may have leached below the 42-inch depth. A maximum of 59.3 per cent was 
recovered as boiling-water-extractable boron in the 0-42-inch zone (table 2). 
What fixation of boron there was in this soil appears to have taken place during 
the first 4 months, as the total percentage recovered was only slightly less at 

TABLE 2 


Boron retained in Arredondo loamy fine sand from surface-applied borax 


BORAX APPLIED 

DEPTH OP SAMPLE 

BORON RETAINED* APTER 

4 Months 

12 Months 

24 Months 

Ib./A. 

100 

in, 

0-3 

3-7 

7-14 

14-21 

21-2S 

28-35 

35-42 

% 

2.9 

3.8 

6.4 

15.7 

16.4 

8.6 

5.5 

% 

1.4 

1.9 

7.4 

11.5 

13.8 

12.5 

7.2 

% 

0.0 

0.4 

2.5 

4.2 

5.1 

5.3 

7.4 

Total 


59.3 

55.7 

24.9 


400 

0-3 

0.9 

0.3 

0,1 


3-7 

1.4 

0.6 

0.2 


7-14 1 

5.3 

1-6 

0.4 


14-21 

11.4 

4.2 

0.8 


21-28 

10.3 

7.4 

1.7 


28-35 

5.6 

9.6 

2.8 


35-42 

3.3 

8.4 

4.3 

Total 


38.2 

32.1 

10.3 

1600 

0-3 

0.5 

0.4 

0.1 


3-7 

0.6 

0.3 

0.1 


7-14 

2.2 

1.1 

0.4 


14-21 

7.9 

5.0 

1.4 


21-28 

11.8 

11.6 

3.0 


28-35 

14.2 

15.3 

4.6 


35-42 

9.8 

12.5 

5.9 

Total 

47.0 

46.2 

15.5 


* As boiling-water extractable. 


12 months than at 4 months. The drop from 59.3 to 55.7 per cent for the 100- 
pound rate is believed to represent only the amount of boron which had moved 
below the 42-inch depth in the intervening 8 months. The clay subsoil, therefore, 
had the ability to retard downward progression to a marked degree but ap- 
parently had no capacity for progressive fixation. This is borne out also by 
values for the higher applications, especially for the 1,600-pound rate, which 
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decreased only from 47.0 to 46,2 per cent. As there was prolonged retention of 
boron at about the 28-"354nch depth, the maximum concentration was not 
found in the 35"-42-inch depth until 24 months after application. 

The 4-month samples of topsoil and upper subsoil for ail locations showed that 
the percentage of boron retained was inversely related to the amount of borax 
applied (table 2). The explanation appears to be that the high applications of 
boron departed farther and farther from the very small amount which this soil 
is capable of holding in stable equilibrium. Though these percentages offered 
a means for studying the rate of disappearance for the various borax levels, 
residual toxicity should be evaluated on the basis of actual amounts, as pounds 

TABLE 3 


Boron* in Lakeland fine sand from surface-applied borax 
Rainfall: 4 months, 16.56 inches; 12 months, 64.35 inches; 24 months, 128.45 inches 


BOSAX APPLIED 

DEPTH OF SAMPLE 

NATIVE SOIL 
BOSON 

BOSON PODNDt AFTES 

4 Months 

12 Months 

24 Months 

Ih./A. 

in» 

ppm. 

ppm. 

ppm. 

ppm. 

100 

0-6 

0.08 

0.29 

0.14 

0.08 


6-18 

0.04 

0.19 

0.09 

0.04 


18-30 

0.03 

0.11 

0.08 

0.02 


30-42 

0.03 

0.09 

0.06 

0.01 

400 

0-6 

0.08 

1.05 

0.20 

0.14 


6-18 

0.04 

0.58 

0.09 

0.06 


18-30 

0.03 

0.33 

0.08 

0.04 


30-42 

0.03 

0.23 

0.06 

0.04 

800 

0-6 

0.08 

^ 1.65 

0.29 

0.18 


6-18 

0.04 

0.97 

0.27 

0.11 


18-30 

0.03 

1.03 

0.18 

0.09 


30-42 

0.03 

0.58 

0.16 

0.09 


* Boiling-water extractable from air-dried soil. 

t The net retention of boron from borax, for calculating percentage boron retained in 
table 4, was obtained by subtracting the mean values for native soil boron shown in 
column 3. 

of borax per acre. The amounts remaining in the 0“7-inch depth from the 100-, 
400-, and 1,600-pound applications were, respectively, 6.7, 9.2, and 17.6 pounds 
of borax per acre after 4 months; 3.3, 3.6, and 11.2 pounds after 12 months; 
and 0.4, 1.2, and 3.2 pounds after 24 months. Since the average application of 
borax as a plant nutrient is at the rate of about 10 pounds per acre, the only value 
which might prove notably toxic even to boron-sensitive plants was 17.6 pounds, 
residual from the 1,600-pound rate 4 months after application. 

In the Lakeland soil, although the rainfall for the first 4 months was only 
16.56 inches compared with 34.51 inches for Arredondo, boron was lost from 
the profile at a much faster rate (see tables 3 and 4). In the 0-42-mch zone 
Arredondo retained 59.3 per cent of the 100-pound application while Lakeland 
retained only 13.9 per cent. Plow depth retention by Lakeland 4 months after 
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application of 100, 400, and 800 pounds of borax per acre was 3.7, 4.3, and 3.5 
per cent, respectively. Failure to develop the inverse relationship noted for 
Arredondo between borax applied and percentage boron retained may have 
been because Lakeland was under an established sod and rainfall was limited. 
In spite of these retarding factors, leaching in Lakeland fine sand was so rapid 
that concentration maxima were not observed, apparently because they had 
passed below the 42-inch depth before the 4-month samples were taken. The 
amounts remaining in the topsoil from the 100-, 400-, and 800-pound applica- 
tions were, respectively, 3.7, 17,2, and 28.0 pounds of borax per acre after 4 


TABLE 4 

Boron retained in Lakeland fine sand from surface-applied borax 


BORAX APPLIED 

DEPTH OF SAMPLE 

BORON RETAINED* AFTER 

4 Months 

12 Months 

24 Months 

Ih.fA. 

in. 

% 

% 

% 

100 

0-6 

3.7 

1.1 

0.0 


6-18 

5.3 

1.8 

0.0 


18-30 

2.8 

1.8 

0.0 


30-42 

2.1 

1.1 

0.0 

Total 


13.9 

5.8 ' 

j 

0.0 

400 

0-6 

4.3 

0.5 

0.3 


6-18 

4.8 

0.4 

0.2 


18-30 

2.6 

0.4 

0.1 


30-42 

1.8 

0.3 

0.1 

Total 


13.5 

1.6 

0.7 

800 

1 

0-6 

3.5 

0.5 

0.2 


6-18 

4.1 

1.0 

0.3 


18-30 

4.4 

0.7 

0.3 


30-42 

2.4 

0.6 

0.3 

Total 

14.4 

2.8 

1.1 


* As boiling-water extractable. 


months; 1.1, 2.0, and 4.0 pounds after 12 months; and 0.0, 1.2, and 1.6 pounds 
after 24 months. Though the 17.2- and 28.0-pound residuals in this light sandy 
soil should be rated as toxic to plants, borax in what might be considered 
herbicidal quantities did not remain in the topsoil of either the Lakeland or the 
Arredondo soil for as long as 4 months from time of application, even from the 
highest rates of 800 and 1,600 pounds per acre. 

DISCUSSION 

Any interpretation of borax residuals should take into account whether the 
effects upon plants might be toxic or herbicidal. This is a matter of degree, as 
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the former would be injurious onl}^, while the latter would be lethal. Toxic 
effects with certain plants on light sandy soils sometimes are observed in the 
range of 10 to 15 pounds of borax per acre. These effects usually are temporary, 
after which the plants are likely to recover. But for borax to have lethal or 
herbicidal effects over a wide range of plants it usually would have to be present 
in c|uantities of several hundred pounds per acre. 

The data in this study indicate that for well-drained sands under high annual 
rainfall the elimination of residual toxic effects from heavy applications of 
borax may not constitute a serious problem where the soil is not to be used 
for economic crops less than 1 year from time of treatment. It would seem, how- 
ever, that borax as a herbicide might prove ineffectual under these conditions 
because it is leached so rapidly from the topsoil and upper subsoil. For herbicidal 
use in humid climates the less soluble calcium borate, colemanite (9), seems a 
more appropriate source. This mineral in 20--40-mesh size at low rates per acre 
is an excellent source of boron for plant nutrition, but preliminary observations 
where applied at the rate of about 225 pounds per acre (10) indicate that when 
finely ground it may be a more effective herbicide than borax. On Rex fine sand 
at this rate it gave much greater temporary retention in the topsoil and was 
much more toxic to plants, yet over a period of 12 months it leached from 
topsoil and subsoil as complete^ as did borax. 

SUMMARY 

Borax was applied to Arredondo loamy fine sand at rates of 0, 100, 400^ 
and 1,600 pounds per acre and to Lakeland fine sand at rates of 0, 100, 400, 
and 800 pounds per acre. The former received during the 4-, 12-, and 24-month 
periods of the experiment a rainfall of 34.51, 59.65, and 124.99 inches, respec- 
tively; the latter, a deep sand, received during corresponding periods a rainfall 
of 16.56, 64.35, and 128.45 inches. Reaction was about pH 5.6 in both soils. 

Analysis for boiling- water-extractable boron at 4 months showed notable 
penetration into the clay subsoil of Arredondo, with the maximum concentra- 
tion from the 100-pound rate at the 21-28-inch depth, while from 1,600 pounds 
the maximum was at the 28~35-inch depth. Maximum concentration was not 
found in the 35-42-inch depth until 24 months after application. For Lakeland 
no concentration maxima were observed, as these apparently had passed below 
the 42-inch depth before the 4-month samples were taken. 

Amounts remaining in the 0-7-inch depth of Arredondo from applications 
of 100, 400, and 1,600 pounds were, respectively, 6.7, 9.2, and 17.6 pounds of 
borax per acre after 4 months; 3.3, 3.6, and 11.2 pounds after 12 months; and 
0.4, 1.2, and 3.2 pounds after 24 months. In Lakeland the amounts remaining 
in the topsoil from the 100-, 400-, and 800-pound applications were, respectively, 
3.7, 17.2, and 28.0 pounds of borax per acre after 4 months; 1.1, 2.0, and 4.0 
pounds after 12 months; and 0.0, 1.2, and 1.6 pounds after 24 months. 

Borax in herbicidal quantities did not remain in the topsoil of either Lakeland 
fine sand or Arredondo loamy fine sand for as long as 4 months from time of 
application, even from amounts as high as 800 and 1,600 pounds per acre. 
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FIELD TEST FOR ACTIVE SULFIDES IN SOIL 

J. W. NECKERS AND CHARLES R. WALKERS 
Southern Illinois University 
Received for publication January 28, 1952 

Increasing land areas of several mid western states are being subjected to the 
devastation of strip-mining. The revegetation of this strip-mine waste land is of 
considerable importance in the rebuilding and conservation of natural resources. 
In such a program, preliminary tests of the soil are desirable to detect limiting 
factors of plant growth and reproduction and to determine the best type of 
plantings to be recommended, as for successful reforestration. Such a study is 
one of the projects of the Central States Forest Experiment Station of the U. S. 
Department of Agriculture, and discussions initiated by members of the staff 
of the local station led to a field test that appears useful in their program for the 
rehabilitation of these waste lands. 

Ecological studies by Croxton (2) have shown that strip-mine wastes con- 
taining large amounts of sulfur compounds, particularly iron pyrites, have a 
restricted capacity for revegetation, probably because of development of un- 
desirable acid conditions. He found in the spoil banks a pH range from 2.6 to 
9.0, with vegetation surviving only above pH 4.5 and becoming established at 
about pH 5. The greatest acidity developed from exposed pyrites, which occurred 
in the shale layer. The reaction 2 FeS 2 + 70*2 + 2 H 2 O — > 2 FeS 04 + 2 H 2 SO 4 , 
as well as bacterial action, was suggested by Li and Parr (5) for the production 
of most of the acid conditions found in the overburden exposed to air and 
moisture. 

Extensive work has been done on the determination of sulfur and sulfur 
compounds in soils, coal, coke, slag, and minerals. Several agencies have eval- 
uated the various procedures and have recommended the methods of Eschka, 
Lunge, Parr, and others (3, 4, 6, 7, 8). All of these methods, however, require 
laboratory procedures that are involved and time-consuming. Of immediate 
concern to the local station was a simple field test for sulfides and pyrites that 
could be used by survey parties to predict probable future soil acidity. Of the 
several methods tried, the following procedure was found most acceptable. 

PROCEDURE 

Put 2-3 gm. of the material to be tested into a 20- by 150-mm. test tube and 
mix with about 1 gm. of granular c. p. zinc (20~30-mesh). Insert a spiral of 
copper wire halfway down the tube to disperse bubbles that otherwise might 
rise to the top and spoil the test by contact with the test paper. Add 2-3 ml. 

^ Present address, Missouri Conservation Conamission, Fisheries Section, Columbia. 

The authors are indebted to G. H. Deitschman, of the Central States Forest. Experiment 
Station, Carbondale Branch, for directing the collection and testing of field samples. 
The areas surveyed and the various levels of overburden used as a source of the samples 
will be discussed in a bulletin of that station. 
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(one eyedropperful) of 6 N HCl. Wait about 5 seconds for the fumes to displace 
the air in the test tube, and then place over the mouth of the tube a small filter 
paper circle impregnated with lead acetate. Remove the filter paper after 5 
se<‘onds. The color and general appearance of the deposit produced on the 



Fig. 1. Results of Field Tests for Active Sulfides 
I, slight tan discoloration; II, tan; III, brown with tan edge; IV, black with silvery 
cast. 


filter paper (fig. 1) are indicative of the quantity of potentially active sulfide or 
pyrites in the sample, as follows: 


Slight tan coloration Very weak 

Tan Weak 

Brown with tan edge Moderate 

Block with silvery cast Very strong 


This test has been used at numerous strip mines in Illinois and Indiana by 
personnel of the Experiment Station. No claim for originality is made for the 
method, as it involves well-known chemical reactions. But the test kit requires 
only test tubes, test papers, dilute HCl, zinc, and a rock hammer. 

The tests were applied to portions of the excavated shale (and occasionally 
sandstone) that in most cases occurs immediately above the coal vein that is to 


FIELD TEST FOR SOIL SULFIDES 


469 


be mined. According to Croxton (2), shale is the major contributor of potential 
acidity in the spoil banks. Limestone seems to occur seldom in such rock, but if 
it is present, the CO2 evolved in the test probably would not vitiate the lead 
acetate test for the available sulfide and pyrites. 

LABORATORY VERIFICATION 

A question almost immediately arose: Is there any correlation between the 
field tests and total suKur? To determine this, the samples of shale from strip- 
mine overburden that were used in field tests were analyzed for total sulfur by 
the Eschka method (1, pp. 77-79). 


TABLE 1 


Analyses for sulfur in field-tested samples of shale 


SAMPLE 

FIELD TEST 

SAMPLE WEIGHT 

BaSOl OBTAINED 

SCTLPTJE 





% 

I 

Very weak 

0.6963 

0.0030 

0.061 



0.6882 

0.0030 

0.060 



0.6871 

0.0032 

0.064 

II 

Weak 

1.0095 

0.0065 

0.088 



0.6966 

0.0055 

0.108 



0.6976 

0.0064 

0.126 

III 

Moderate 

0.9576 

0.0145 

0.208 



0.9112 

0.0151 

0.228 



1.2350 

0.0200 

1 0.222 

IV 

Very strong 

0.6065 

0.0988 

2.24 



0.5036 

0.0870 

i 2.37 



0.4602 

0.8000 

' 2.39 


Briefly, the sample was ground to 100-mesh fineness, and approximately 1 
gm. was mixed well with 3 gm. of the Eschka mixture (2 parts MgO + 1 part 
Na2C03). This mixture was placed in a platinum crucible, then in a cold electric 
muffle furnace. The temperature was raised to 800*^0., at which the mixture 
was ignited for 2 hours. After cooling, the ignited product was leached with 
hot distilled water. The resulting solution, after treatment with bromine to 
ensure oxidation of all the sulfur to the sulfate state, was used for the usual 
BaS04 gravimetric determination. From this the percentage of total sulfur in 
the shale was calculated (table 1). Both Munktells No. OK filter paper and 
fine porcelain filtering crucibles (Selas No. 2001) were used with little variance 
in results. 

CONCLUSION 

The results of the laboratory analyses seem to indicate that there is a general 
correlation between the total sulfur and the described lead acetate field test as 
applied to shales found in coal strip-mine wastes. The variation between duplicate 
samples is rather large, probably because of improper sampling; nevertheless, 
the distinction between samples, previously labeled ‘Very weak'' to “very 
strong” in the field tests, is significant. 
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INFLUENCE OF SOIL AGGREGATION ON PLANT GROWTH 


J. HAGIN^ 

Hebrew University, Rehovot, Israel 

Received for publication February 29, 1952 

Soil structure is defined as the arrangement of soil particles (3, pp. 124-192). 
At present no method is available for direct evaluation of soil structure thus 
defined, though the problem has been reviewed by a number of workers (1, 5, 
19, 20, 21, 22). Many researchers (7, 9, 10, 11, 14, 15, 28, 29, 30) use the analysis 
of size and water stability of aggregates as an indicator for soil structure. In 
Israel, Ravikovits and Hagin^ used the aggregate analysis as a measure of 
structure. The influence of structure, in general, on crop yields has been in- 
vestigated by a number of workers (4, 6, 12, 13, 16, 23). 

The present work was undertaken further to elucidate the relations found in 
the aforementioned papers. In particular, it was desired to investigate the 
relation between plant growth and soil structure as found by aggregate analysis. 
For this purpose, plants were grown in greenhouse pots, the only known inde- 
pendent variant in the different soils being the size of aggregates. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Mechanical analysis of soil was made b}^ Beam’s Sudan method. Carbonates 
were determined with an apparatus similar to Scheibler’s (31). Organic matter 
was found by Tiurin’s wet oxidation method. Water-soluble nitrates and phos- 
phorus were determined on 10:1 water extracts of soil by the phenoldisulfonic 
acid method (31) and the Truog method (25), respectively. Available phos- 
phorus was evaluated as described by Truog. Total porosity was calculated from 
the real specific gravity (26) and from the apparent density, which was evaluated 
from direct measurements of the volume and weight of soil in pots. The non- 
capillary porosity was calculated from the pore space and ‘Afield capacity” of 
the soil in pots. The field capacities for all treatments were found by wetting 
by top irrigation, to two thirds of their depth, soil columns w^hich were ap- 
proximately the depth of a pot, and determining their moisture content at 
various heights after 2 days. The uppermost layer was rejected, and the mean 
moisture content of the approximately uniform moist upper layers was used 
for expressing the field capacity. 

The soil for the experiment was taken from the lands of the settlement Eilon, 
in the western Galilee hills. It is red heavy clay, typical of the soils in the moun- 
tainous regions of Israel. Some of its characteristics are listed in table 1. 

^ The author wishes to express his thanks to S. Ravikovits for enabling him to perform 
this work and to J. Rubin for his many helpful suggestions. The author is also indebted to 
G, B. Bodman for his interest in the preparation of the manuscript. 

2 Ravikovits, S., and Hagin, J. Structure of some typical Israeli soils. (Not yet pub- 
lished.) 
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Three grades of aggregate size were prepared by the following treatments: 

Treatment C, coarse aggregates. The natural clods were broken by hand. It was as- 
sumed that the aggregates remained in their, natural size. 

Treatment M, medium-sized aggregates. The clods were broken in a porcelain mortar 
until the\- passed through a 2-mm. screen. 

Treatment F, fine aggregates. The soil was ground in a mill until it passed through a 
0.5 -mm. screen. 


TABLE 1 

Analysis of Eilon soil before treatment 


MECHANICAL ANALYSIS 

CaCOa 

ORGANIC 

pH 

Coarse sand 
2-0.2 mm. 

Fine sand 
0.2-0.02 mm. 

Silt 

20-2 ti 

Clay 

<2f. 

MATTER 

% 

% 

% 

% 

% 

% 


1.0 

20.9 1 

1 

17.6 

60.5 

0 

4,30 

7.09 



Fig. 1. Appearance of Soils Before Planting 
Left to right: treatment C, coarsely aggregated soil; treatment M, soil of medium ag- 
gregation; treatment F, finelj^ aggregated soil. 

TABLE 2 


Analysis of soils before planting 
Oven-dry basis 


treat- 

ment* 

MECHANICAL ANALYSIS 

REAL 

SPECIFIC 

GRAVITY 

FIELD 

CAPA- 

CITY 

PORE SPACE 

NONCAPILLARY 

POROSITY 

ORG.ANIC 

MATTER 

WATER- 

SOLUBLE 

AVAIL- 

ABLE 

P 

Coarse 

sand 

Fine 

sand 

Silt 

Clay 

NOa 

P 


% 

% 

% 

% 


% 

% 

% 

% 

ppm. 

ppm. 

ppm. 

c 

0.8 

21.5 

17.6 

60.1 

2.36 

30 

61.6 ± 0.3 

34.4 ± 0.4 

4.22 

24 

0.16 

16.8 

M 

1.0 

20.9 

17.6 

60.5 

2.36 

38 

59.2 ± 0.5 

22.2 ± 1.2 

4.30 

24 

0.16 

16.8 

F 

0.7 

21.5 

17.6 

60.2 

2.36 

39 

56.3 ± 0.9 

15.9 ± 1.8 

4.93 

24 

0.16 

16.8 


* C == coarse aggregates, clods broken by hand; M = medium-sized aggregates, clods 
broken in mortar to pass through a 2-mm. screen; F = fine aggregates, soil ground in mill 
to pass through a 0.5-mm. screen. 


Metal pots, on the bottom of each of which was placed a layer of shells, were 
filled with 7-kgm. lots of air-dry soils prepared by the three treatments (fig. 1), 
each treatment being replicated five times. 

Some characteristics of the soils in the pots are given in table 2. The table 
shows that many of the properties measured changed but little in the course of 
treatment. The percentage of organic matter increased in the finer aggregates; 
presumably, part of the plant residues that were ground during the treatment 
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were oxidized by the aiial3rt}ical method used. The volumes of noncapillary 
porosity show marked differences. The difference between the coarsely aggregated 
soils and those of medium aggregation is highly significant (1 per cent level of 
significance), and that between the medium and finely aggregated samples is 
very significant (2 per cent level) . 

Before planting, analyses of aggregates were performed on representative 
soil samples. The method used was essentially Yoder’s (32). Three sieving pro- 
cedures were followed: 1. dry sieving; 2. wet sieving, the air-dry aggregates 
being wet by capillarity before being sieved; 3. wet sieving, the air-dry aggregates 
being immersed suddenly in water before being sieved. To express the results of 
these analyses in one number, mean weight-diameters were calculated as sug- 
gested by Van Bavel (2). 


TABLE 3 


Aggregate analysis of soils before planting 


SIZE or AGGREGATES 

TREATMENT C— PROCEDURE* 

TREATMENT M— PROCEDURE 

TREATMENT P~PROCEDURE 

1 

2 

3 

1 

2 

3 

1 

2 

3 

mm. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

>1 

99.6 

91.8 

95.4 1 

46.2 

52.6 

33.4 

6.6 

9.1 

7.8 

1-0.5 1 

0.4 

3.0 

1.7 

22.8 

20.3 

28.7 

8.0 1 

14.7 

11.6 

0.5-0.25 

— 

1 

] 

18.4 

12.2 

17.3 

35.6 

33.1 

29.7 

0.25-0.15 

— 

} 2.9 

[ 1.0 

2.8 

2.5 

3.7 

8.6 

7.7 

8.2 

0.15-0.07 

— 

1 

1 

6.8 

3.7 

1 5.1 

24.2 

13.5 

14.3 

<0.07 

— 

2.3 

1.0 

3.0 

8,7 

11.8 

17.0 

21.8 

28.7 

Mean weight - 
diameter 

1.70 

1.54 

1.59 

1.00 

0.95 

! 0.81 

1 

0.33 

0.39 

* 0.34 


* See footnote table 1 for treatments. Procedures: 1, dry sieving; 2, wet sieving— air- 
dry aggregates wet by capillarity; 3 wet sieving— air-dry aggregates immersed suddenly 
in water. 


Table 3 demonstrates the well-known fact that results of aggregate analysis 
are influenced by the method used. Nevertheless, all procedures yielded similar 
and significant differences in aggregation among the three soils. 

In addition to the physical and aggregate analyses, permeabilities of water- 
saturated samples were measured by a method described by Greacen®. Only 
the medium and the finely aggregated soils were tested, because of lack of suit- 
able apparatus for the coarsely aggregated one. These tests provided additional 
evidence (fig. 2) that considerable structural differences existed between the 
two samples tested. 

The pots were sown on December 25, 1950, with a local variety (Nursit) of 
Trificum durum and were kept in a greenhouse. No fertilizers were added. 
The pots were watered to full field capacity, and the soil was kept approximately 
at this moisture content throughout the experiment. At first, water was added 

3 Graecen, B. L. Applicability of Boyd’s exchange equations to cation exchange in soil 
columns. 1949. [Unpublished doctor’s thesis, Univ. Calif.] 
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every 2 days; later, every day. In every pot, 10 plants were grown. On April 2, 
1951, the plants were harvested and the green parts were measured, weighed, 
and analysed (18). 

At the time of harvest, 90 per cent of the plants in treatment C, about 40 
per cent in treatment M, and none in treatment F were in bloom. 

The differences in yields from the various treatments are highly significant 
(1 per cent level). As is obvious from table 4, the smaller plants absorbed more 
nitrogen and less phosphorus and potassium per unit weight than did the larger 




Fig. 2. Permeabilities of Water-Saturated Samples of Medium Aggregated (M) and Finely 

Aggregated (F) Soils 

TABLE 4 


Yields and composition of wheat plants grown in soils 
Mean per pot 


SOIL 

TREAT’ 

MENT* 

HEIGHT or 
PLANTS 

FRESH WEIGHT 
OP PLANTS 

DRY WEIGHT 

OP PLANTS 

COMPOSITION OP PLANTSt 

N 

P 

K 


cm* 

gm. 

gm. 

% 

gm. 

% 

gm. 

% 

gm. 

c 

90.5 ± 1.7 

78.6 =h 2.0 

20.1 ± 0.7 

0.89 

.179 

.113 

.023 

1.98 

.398 

M 

83.8 ± 1.6 

64.3 d= 2.8 

16.5 db 0.9 

0.93 

.154 

.067 

.011 

1.46 

.241 

F 

41.3 ± 3.0 

31.8 ± 3.1 

5.8 d= 0.7 

1.51 

.088 

.064 

.004 

1.43 

.083 


* See footnote table 1. 
t Oven-dry basis. 


ones. The total absorption of nutrient elements from the pots was always greatest, 
however, in the more fully developed plants. 

Immediately after the plants were harvested, soil samples from the pots were 
analyzed to determine the changes in nutrient status (table 5) and aggregation 
(tabled). In making the aggregate analyses, besides wet-sieving procedure 3 
previously followed, in which soil samples from the pots were air-dried and then 
immersed suddenly in water and analyzed, wet samples as they came from the 
pots were given the immersion and sieving treatment (procedure 3a). 

Comparison of table 5 vdth table 2 shows that virtually no changes occurred 
in the nitrate content of the soils during plant growth. Water-soluble phos- 
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phorus increased in two of the three treatments. On the other hand, the amount 
of available phosphorus was lowered in all treatments, from 16.8 ppm. at the 
beginning of the experiment to approximately 2 ppm. at the end. 

The results of the aggregate analyses (table 6), when compared with those in 
table 3, show that during plant growth there were only slight changes in the 
coarsely aggregated soil and that of medium aggregation. In the finely ag- 
gregated soil, however, the trend to form coarser aggregates is evident. It seems 


TABLE 5 

Analysis of soil after harvest 
Oven-dry basis 



1 WATER-SOLUBLE 



TKEATMENT* 



AVAILABLE P 

ORGANIC MATTER 

NO, 

P 


ppm. 

ppm. 

ppm. 

% 

c 

20.0 

0.32 

2.4 

4.98 

M 

18.2 

0.16 

2.2 

4.46 

F 

23.5 

0.27 

2.2 

4.62 


See footnote table 1. 


TABLE 6 

Aggregate analysis of soil samples after harvest 


SIZE OF AGGREGATES 

TREATMENT C— PROCEDURE* 

TREATMENT M— PROCEDURE 

TREATMENT F— PROCEDURE 

3a 

3 

3a 

3 

3a 

3 

mm. 

% 

% 

% 

% 

% 

% 

>1 

62.5 

89.4 

41.7 

45.1 

16.5 

39.6 

1-0.5 

12.7 

6.1 

16.6 

24.7 

12.9 

16.1 

0.5-0.25 

5.6 

2.9 

12.1 

16.4 

24.7 

23.8 

0.25-0.15 

1.3 

1.5 

4.7 

4.3 

6.2 

6.5 

0.15-0.07 

3.7 


4.1 

5.8 

10.0 

8.8 

<0.07 

14.2 

0.1 

20.8 

3.7 

29.7 

5.2 

Mean weight- 
diameter 

1.11 

1.53 

0.82 

0.94 

0.47 

0.83 


* See footnote table 1 for treatment. Procedure 3 is the same as that in table 3; pro- 
cedure 3a is similar to procedure 3 except that samples were not dried before immersion. 


from table 6 that air-drying improved aggregation, and this is especially notice- 
able in the finely aggregated soils. 

To obtain some indication as to why the more finely aggregated soil samples 
produced significantly lower yields than the coarsely aggregated soils, an addi- 
tional experiment was performed. 

The three soils were incubated for 24 days at 27°C. with free access to air. 
The packing and watering conditions were the same as for the soils in the pots, 
but no plants were grown. The samples were analyzed for water-soluble nitrates 
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and phosphates and for available phosphates. The results are presented in 
table 7. Since no chemical differences were found in the soils before incubation 
(table 5), it seems that incubation produced considerable differences in water- 
soluble nitrates and P in the various soils. The more finely aggregated soils 
contained definitely smaller quantities after incubation. 

TABLE 7 


Analysis of soils after B4- days of incubation at 


TlffiATMENT^ 

WATER-1 

NOs 

SOLUBLE 

P 

AVAILABLE P 


ppm. 

ppm. 

ppm. 

c 

! 62 

0.47 

11 

M 

38 

0.38 

9 

F 

12 

0.12 

7 


* See footnote table 1. 


niSCtJSSION AND CONCLUSIONS 

From the results reported, it may be concluded that, under the experimental 
conditions studied, coarsely aggregated soils produced better plant growth 
than did finely aggregated soils. Some preliminary conclusions may be drawn 
as to the reasons for this phenomenon. 

The total soil porosity was not changed by variations in aggregate size. 
The ratio between capillary and noncapillary porosity, however, was influenced 
by the treatments. Differences in the pore size distribution are also indicated by 
considerable variations in permeability. Because of these facts and because of 
the irrigation procedure used, the air volume in the more finely aggregated soils 
was smaller than that in the coarsely aggregated soils. The probable result was 
poorer supply of oxygen to the roots and microorganisms living in the finely 
aggregated soils. 

If this assumption is true, at least two causes for the depression of plant growth 
are possible: First, roots that suffer from lack of oxygen have a reduced ability 
to absorb nutrient elements. This has been reported by Hoagland (8), Baver (5), 
Lawton (12), and others. Second, the quantities of available nutrients in the soil 
may be depressed. As no fertilizers were added, the plants were dependent on the 
naturally occurring nutrient reserves and on a steady supply of available nu- 
trients released from nonavailable forms. Some of the latter possibly originate 
from decomposition of soil organic matter (27). The experimental results in table 
7 seem to indicate that this decomposition was depressed in the more finely 
aggregated soil samples, possibly because of poor air conditions. As is evident 
from table 5, however, the quantities of nitrates were virtually equal in the 
three treatments after harvest. A possible explanation is that in the coarsely 
aggregated soil the supply as well as the consumption of nitrates was higher 
than in the finely aggregated soil. 

Another indication of nutrient deficiency is provided by the fact that the 
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plants growing in the finely aggregated soil showed S3nnptoms of nitrogen and 
phosphorus deficiency. 

As to absorption of nitrogen, table 4 shows that plants growing on the finely 
aggregated soil absorbed relatively more nitrogen than did those on the coarsely 
aggregated soil. Shive et aL (17, 24), who grew plants in nutrient solutions with 
a poor oxygen supply, obtained similar results. These authors suggested that in 
oxygen-deficient substrate the plants obtained the needed oxygen from nitrates, 
and hence, the relatively great absorption of nitrogen by such plants. The 
similarity between these experiments and ours again suggests that the plants 
grown in the finely aggregated soil suffered from lack of oxygen. 

One more conclusion may be drawn from the experiments; namely, that great 
care must be taken in performing certain types of pot experiments for fertilizer 
tests, as considerable differences in yields may be induced by structural changes 
of the soils in pots. 

SXTMMAEY 

A greenhouse experiment was performed to investigate the relation between 
plant growth and soil structure as found by aggregate analysis. 

Three forms of aggregate sizes were prepared by crushing the clods of a heavy, 
red clay soil that has naturally very coarse aggregates. 

The crushing did not induce chemical or textural changes in the soil treated, 
so far as it was tested. The size of aggregates was the only independent variant. 

Wheat was grown in greenhouse pots. The variously aggregated soils produced 
highly significant differences in yields. The coarsely aggregated soil produced 
much better plant growth than did the finely aggregated soil. 

As a possible cause of the reduced yields in the finely aggregated soils, in- 
sufficient supply of oxygen is suggested. Presumably the low supply of oxygen 
influenced at least two processes: it diminished the ability of roots to absorb 
nutrients, and it depressed the supply of some available nutrients to the growing 
plants. Some evidence is given in support of this suggestion. 

It is noted that structural changes of the soil may considerably influence 
results of fertilizer tests. 

REFERENCES 

(1) Anonymous 1948 Recent advances in the study of soil structure. Soils and Fert. 

11:1-5. 

(2) Bavel, C. H. M. van 1950 Mean weight-diameter of soil aggregates as a statistical 

index of aggregation. Sci, Soc. Amer, Proc. (1949) 14: 20-23. 

(3) Baver, L, D. 1940 Soil Physics. J. Wiley and Sons, New York. 

(4) Baver, L. D., and Farnsworth, R. B. 1941 Soil structure effects in the growth of 

sugar beets. Soil Sci, Soc, Amer. Proc. (1940) 5:45-48. 

(5) Baver, L. D. 1949 Practical values from physical analyses of soils. Soil Sci, 68: 

1-14., 

(6) Breazealb, J. F. , AND McGeorge, W. T. 1937 Studies on soil structure ; some nitro- 

gen transformations in puddled soils. Ariz. Agr. Exp. Sta. Tech. BuL 69. 

(7) Elson, J. 1944 A 4-year study of the effects of crop, lime, manure and fertilizer on 

macroaggregation of Dunmore silt loam. Soil, Sci Soc, Amer, Proc, (1943) 8: 
87-90. 


478 


J. HAGIN 


(8) Hoagland, D. E. 1948 Inorganic Nutrition of Plants. Chronica Botanica Co., 

Waltham, Mass. 

(9) Ilmbnev, S. I. 1935 Effect of agricultural plants and fallowing on the aggregate 

composition of podzol soils. Sojs. ZemL 6: 84-89. [In Russian.] 

(10) Ilmbnev, S, I. 1935 Effects of an oat crop, dung, and lime on the aggregate com- 

position of soils. KMm, Soz. Zeml. 6: 153-160. [In Russian.] 

(11) Johnston, J. R., Browning, G. M., and Russell, M. B. 1943 Effect of cropping 

practices on aggregation, organic matter content, and loss of soil and water in 
the Marshall silt loam. Soil Sci. Soc. Amer. Proc. (1942) 7: 105-107. 

(12) Lawton, K. 1946 Influence of soil aeration on the growth and absorption of nutri- 

ents by corn plants. Soil Sci. Soc. Amer. Proc. (1945) 10 : 263-268. 

(13) McGeorge, W. T., and Breazeale, J. F. 1938 Studies on soil structure: effect of 

puddled soil on plant growth. Ariz. Agr. Exp. Sta. Tech. Bui. 72. 

(14) McHenry, R. J., Zook, L. L., and Rhoades, H. F. 1950 Pore space and aggrega- 

tion in a chernozem soil as affected by age of perennial grass sod. Agron. J our. 
42:377-380. 

(15) Olmsted, L. B. 1947 Effect of long time cropping systems and tillage practices 

upon soil aggregation at Hays, Kansas. Soil Sci. Soc. Amer. Proc. (1946) 11: 
89-92. 

(16) Page, J. B., and Willard, C. J. 1947 Cropping systems and soil properties. Soil 

Sci. Soc. Amer. Proc. (1946) 11 : 81-88. 

(17) Pepkowitz, L. P., and Shive, J. W. 1944 Importance of oxygen in the nutrient 

substrate for plants — ion absorption. Soil Sci. 57: 143-154. 

(18) Piper, C. S. 1944 Soil and Plant Analysis. Interscience Pubs., New York. 

(19) Russell, E. J. 1950 Soil Conditions and Plant Growth, ed. 8. Longmans, Green & 

Co., London. 

(20) Russell, E. W. 1938 Soil structure. Imp. Bur. Soil Sci. Tech. Commun. 37. 

(21) Russell, E. W., and Tamhane, R. V. 1940 Determination of the size distribution 

of soil clods and crumbs. Jour. Agr. Sci. 30 : 210-234. 

(22) Russell, M. B. 1949 Methods of measuring soil structure and aeration. Soil Sci. 

68:25-36. 

(23) Rynasiewucz, J. 1945 Soil aggregation and onion yields. Soil Sci. 60: 387-396. 

(24) Shive, J. W. 1941 Balance of ions and oxygen tension in nutrient substrates for 

plants. Soil Sci. 51: 445-460. 

(25) Truog, E. 1930 Determination of the readily available phosphorus of soils. Jour. 

Amer. Soc. Agron. 22: 874-882. 

(26) U. S. Regional Salinity Laboratory (L. A. Richards, editor) 1947 Diagnosis and Im- 

provement of Saline and Alkali Soils. Riverside, Calif. 

(27) Williams, W. R. 1949 Principles of Agriculture. Hutchinson, London. 

(28) Wilson, H. A., and Browning, G. M. 1946 Soil aggregation, yields, runoff and 

erosion as affected by cropping systems. Soil Sci. Soc. Amer. Proc. (1945) 10: 
51-57. 

(29) Wilson, H. A., Gish, R., AND Browning, G. M. 1948 Cropping systems and season 

as factors affecting aggregate stability. Soil Sci. Soc. Amer. Proc. (1947) 12: 
36-38. 

(30) Woodruff, C. M. 1940 Variations in the state and stability of aggregation as a 

result of different methods of cropping. Soil Sci. Soc. Amer. Proc. (1939) 4: 
13-18. 

(31) Wright, C. H. 1939 Soil Analysis, ed. 2. Van Nostrand, New York. 

(32) Yoder, R. E. 1936 A direct method of aggregate analysis of soils and a study of the 

physical nature of erosion losses. Jour. Amer. Soc. Agron. 28: 337-350 


A DITHIZONE TISSUE TEST FOR ZINC IN PLANTS 


ELLSWORTH SHAW 
U, S Department of Agriculture^ 
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In testing soils for zinc with dithizone,^ it is observed occasionally that small 
particles of organic matter turn red. This behavior suggested that dithizone 
reacts with zinc in the plant residues. Investigation of this hypothesis resulted 
in the development of a simple tissue test for zinc in plants. Such a test might 
be useful in comparing the zinc contents of different plant parts and plants 
grown under various conditions. This report on the test is made to supply 
information to others who may wish to correlate test results with field observa- 
tions. 

The proposed test is as follows: Slice the plant tissue with a sharp knife and 
add a few drops of 0.01 per cent zinc-free dithizone in CCL to the cut surfaces. 
Allow the CCI4 to evaporate, protecting the test area from direct sunlight, which 
tends to fade the color of the zinc complex. The presence of zinc is shown by 
the formation of a red zinc dithizonate. Plants vary as to the amounts of zinc 
concentrated in different tissues, and the test must be interpreted accordingly. 

It would be difficult to prove by direct means that a red stain produced 
by dithizone on plant tissue specifically indicates the presence of zinc. The 
amounts of the element causing the stain are very small, at most a few micro- 
grams contained in the reacting surface of the tissue being tested. The pH 
conditions are more or less unknown except that they are neutral or slightly 
acid. The presence and amount of interfering elements are likewise uncertain. 
Furthermore, color intensity can be only qualitatively measured visually. 

Several lines of evidence, however, offer proof that the proposed method is a 
test for zinc: (a) Zinc occurs in much higher concentration in plants than do 
any of the other elements which form reddish dithizonates; namely, bismuth, 
cadmium, cobalt, copper, indium, lead, mercury, palladium, silver, thallium, 
and tin.2 Ferrous iron, which is reported to form a red dithizonate at pH 6-7, 
does not produce a red color or interfere when FeS 04 is applied to plant tissue 
at the time of the test application of dithizone. (6) Cut sections of fresh wheat 
plants when put in a separatory funnel containing ammonium acetate buffer 
at pH 7, dithizone in CCI4, and carbamate reagent, develop a red color at the 
nodes and spikelets, the same regions that are stained when dithizone is applied 
directly to the plants. Under these conditions, only the occurrence of abnormally 
high amounts of cadmium could interfere. Apparently no element normally 
occurring in plants interferes, and only zinc causes the color reaction which 
occurs in the tissue, (c) An experiment was performed which further establishes 

^ This investigation was supported in part by the U. S. Atomic Energy Commission. 

2 Shaw, E., and Dean, L. A. Use of dithizone as an extractant to estimate the zinc nu- 
trient status of soils. jScL 73: 341-347, 1952. 

3 gandeli, E. B. Colorimetric Determination of Traces of Metals, ed. 2. Interscience 
Publishers, Inc., New York. 1950. 
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a correlation between the accumulation of zinc in plants and the red staining 
by dithizone. Corn was grown in soil fertilized with 8 ppm. zinc having a specific 
activity of 20 me. of radioactivity per gram. When the plants were mature, cuts 
were made through different parts of the plants and the tissue test was made 
with dithizone. A pronounced red stain was observed in the node tissue, in- 
dicating a high concentration of zinc. Likewise, a Geiger counter indicated a 
high concentration of radio zinc at the node locations and almost none at other 
parts of the plant. 

More precise data were obtained in the following manner: Starting at 2 cm, 
above a central node of the corn plant, twenty-one 2-mm. sections were re- 
moved consecutively down the stalk with a rotary-blade meat-slicing machine. 
These sections were then treated with a few drops of dithizone reagent, which 
was allowed to evaporate. The top five sections (numbers 1 to 5) showed virtually 
no red color (or zinc). With decreasing distance from the node, there was a 



Fig. 1. Distribution of Radio Zinc About Node of Cornstalk 

gradual increase in color, which reached maximum intensity in sections 11, 12, 
and 13. Sections 15 to 21 showed almost none. These same sections were then 
placed under a Geiger counter and the relative radio zinc content was quanti- 
tatively determined. The results are shown in figure 1. 

These data illustrate the different relative concentrations of zinc within 
normal healthy plants. Within the short distance of 1 cm. along the stalk, 
zinc concentration increases 75-fold as the node is approached. Sections 1 to 7 
and 15 to 21, as indicated by radioactivity tests, contain small amounts of zinc, 
whereas sections 11, 12, and 13 contain large amounts. The results from this 
proposed dithizone test and radioactivity measurements are very similar. 

The proposed dithizone tissue test, accepted on the basis of the three lines of 
evidence presented, may offer a rapid method of assessing the relative zinc 
content of plants and variations of concentration within different parts of the 
same plants. 
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Fertilizers— A World Report (m Production and Consumption. By Food and 
Agricultural Organization of the United Nations. Washington, D. C., 1952. 
Pp. 46. Price, paper-bound, $0.25. 

The authors of this report give data on production and consumption of 
fertilizers for the years 1950-51 and 1951-52, and estimates for 1952-53. World 
production and consumption, international trade, and general outlook are 
presented, as well as summaries of the fertilizer position of Europe, North and 
Central America, Africa, Asia, Oceania, and South America, from data supplied 
by the several governmental agencies up to July 20, 1952. 

An Introduction to the Principles of Plant Physiology. Revised Edition. By 
Walter Stiles. Pitman PublisMng Corporation, New York, 1950. Pp. 701, 
figs. 64. Price $12,50. 

The answer to almost any question one might raise in plant physiology can 
be found in this well-organized and well-developed volume. If the answer is 
not as yet known, the nearest approach is suggested. The original edition ap- 
peared in 1935, so it was necessary to do a considerable amount of revising to 
bring the book up to date. This applies particularly to enzymes, hormones, 
nitrogen metabolism, and mineral nutrition. The main divisions of the book 
are general physiology of the plant cell, metabolism, physiology of development, 
and irritability and movement. Some 1,200 important references and a well- 
developed index are appended. Every soil-plant scientist will find much of 
interest and value in this volume. Plant physiologists, in particular, will want a 
copy close at hand. 

Introductory Mycology. By Constantine John Alexopoulos. John Wiley and 
Sons, Inc., New York, 1952. Pp. 482, figs. 186. Price $7. 

The name of the author adds to the interest of this book, as does that of the 
artist, Mrs. Sun Huang Sung, who is responsible for an excellent set of drawings 
illustrating the various species of fungi and closely related forms of plant life. 
One chapter is devoted to bacteria and actinomycetes, another to algal fungi, 
and a final short chapter to lichens. The purpose of the author is that of deveiop- 
ing a good textbook for the beginning student of this subject, and he has suc- 
ceeded in doing just that. The illustrations are of special interest in this connec- 
tion. At the end of each chapter is a long list of references. The appendix con- 
tains an excellent glossary of mycological terms and acknowledgment of the 
sources of a large number of the references. The material is attractively pre- 
sented and, in conjunction with laboratory exercises, should be of great interest 
to any student who is new to this field. 
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Paper Chromatography — A Laboratory Manual By Richard J. Block, Raymond 
LeStrange, and Gunter Zweig. Academic Press, Inc., New York, 1952. 
Pp. 195. Price $4.50. 

Much interest has developed in paper chromatography during the last 10 
years. As a result, it is now possible to discuss the subject in some detail and to 
present some of the more modern techniques employed in this method of study. 
That is what the authors of this book have done. They first present the principles 
on which the technique is based and then develop the information on quantitative 
procedure with amino acids, carbohydrates, aliphatic acids, purines, phenols, 
antibiotics, vitamins, and related organic substances. The last chapter deals 
with inorganic separations, with special reference to trace elements of particular 
interest in plant and animal nutrition. Two illustrations in that chapter are 
diagrams related to separation of cations and an electrographic cell for con- 
tinuous operation. A list of some 400 references is appended. The book fills an 
important need for those contemplating work in this field. 

Plant Phy Biology. Second Edition. By Bernard S. Meyer and Donald B* 
Anderson. D. Van Nostrand Company, Inc., New York, 1952. Pp. 784, figs* 
183. Price $8.50. 

This is virtually a new book. Much of the content of the first edition has been 
rewritten and much new material has been added. The 36 chapters cover a wide 
range of topics in plant physiology, all with a high degree of clarity of expression. 
The discussions of colloidal systems, plant cells, soil-water relations, enzymes, 
photos 3 mthesis, fat and nitrogen metabolism, translocation of solutes, hormones, 
and growth periodicity are of special interest. The illustrations are excellent. 
A long list of references and some very useful questions are appended to each 
chapter. Reference is made to the work of more than 1,000 research specialists, 
mostly in the field of plant physiology. The book should prove highly useful as a 
text for students who are well trained in physics and chemistry. 

Seaweeds and Their Uses. By V. J. Chapman. Pitman Publishing Company, 
New York, 1949. Pp. 287, figs. 52, plates 20. Price $6. 

Almost everyone would like to know more about the possible usefulness of 
seaweeds as food and feed, for manurial purposes, and as a source of important 
industrial chemicals. The author of this book has obliged by giving an excellent 
review of the literature on the subject. He discusses the various species, the 
points of supply, and the special values each may have. Maps of the most 
important seaweed beds are shown. Techniques for the collecting and processing 
of seaweed are discussed. Special uses, such as for agar-agar, medicinal products, 
and iodine, are considered in detail. It is of particular intrest to note that sea- 
weed, on a dry-weight basis, may contain as high as 4.04 per cent nitrogen, 
3.78 per cent fat, 45.4 per cent ash, 0.43 per cent phosphorus, 31.6 per cent 
potash, and 0.32 per cent iodine. A bibliography of some 800 references is ap- 
pended. The illustrations, notable the plates, are highly instructive. This is a 
very interesting book, by the reading of which one can see that important 
possibilities lie ahead in the more complete development of the seaweed industry. 
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